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(54) OFDM COMMUNICATION APPARATUS AND OFDM COMMUNICATION METHOD 



(57) An OFDM communication apparatus and 
OFDM communication method that both improve infor- 
mation signal transmission efficiency and improve de- 
modulated signal error rate characteristics in an OFDM 
method to which multicasting is applied. An OFDM com- 
munication apparatus according to the present inven- 
tion comprises a receiving section that receives an 
OFDM signal transmitted to a plurality of OFDM com- 
munication apparatuses, a detecting section that de- 



tects whether or not there is an error in a received OFDM 
signal, a generating section that generates a retrans- 
mission request OFDM signal by superimposing a re- 
transmission request signal on a previously specified 
subcarrier when there is an error in a received OFDM 
signal, and a transmitting section that transmits a gen- 
erated retransmission request OFDM signal at previ- 
ously set timing common to all the above-mentioned plu- 
rality of OFDM communication apparatuses. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to an OFDM (Orthogonal Frequency Division Multiplexing) method communi- 
cation apparatus (hereinafter referred to as "OFDM communication apparatus"), and more particularly to an OFDM 
communication apparatus that performs retransmission control (control whereby, if an error occurs in a demodulated 
signal in a receiving-side apparatus for a predetermined transmit signal, that transmit signal is retransmitted to the 
receiving-side apparatus). 

Background Art 

[0002] Retransmission control in a conventional OFDM system will now be described taking a case where a trans- 
it! itting-side apparatus performs retransmission to a receiving-side apparatus as an example. First, the transmitting- 
15 side apparatus performs I FFT (inverse Fourier transform) processing using an information signal, etc., for the receiving- 
side apparatus, and thereby generates an OFDM signal in which that information signal is superimposed on each 
subcarrier. The transm tting-side apparatus then generates a burst unit signal by performing predetermined transmis- 
sion processing on the generated OFDM signal, and transmits the generated burst unit signal to the receiving-side 
apparatus. 

so [0003] The receiving-side apparatus extracts the signal superimposed on each subcarrier by performing FFT 
processing (Fourier transform processing) on a received signal forthe above-described burst unit signal. The receiving- 
side apparatus then generates a demodulated signal by performing demodulation processing on the extracted signal, 
and performs error detection processing on the generated demodulated signal. If an error has occurred in the generated 
demodulated signal, the receiving-side apparatus transmits a burst unit signal containing a signal requesting retrans- 

25 mission of the above-mentioned burst unit signal (hereinafter referred to as "retransmission request signal") to the 
transmitting-sideapparatus. A burst unit signal in the receiving-side apparatus is generated by means of the same kind 
of processing as in the transmitting-side apparatus described above. 

[0004] On receiving a burst unit signal containing a retransmission request signal from the receiving-side apparatus, 
the transmitting-side apparatus generates and transmits again (retransmits) the above-described kind of burst unit 
30 signal using the same information signal as the above-described information signal. By this means, the receiving-side 
apparatus can generate a demodulated signal with improved error rate characteristics. 

[0005] The same kind of retransmission control as in the OFDM method, as described above, is also performed in 
the OFDM-CDMA method, which combines the OFDM method and CDMA method. Retransmission control in the 
OFDM-CDMA method is similar to retransmission control in the OFDM method except for the following point. Namely, 
35 in the OFDM-CDMA method, the transmitting-side apparatus generates an OFDM signal by performing IFFT processing 
using an information signal that has undergone modulation processing and spreading processing, and the receiving- 
side apparatus generates a demodulated signal by performing despreading processing and demodulation processing 
on a signal extracted by means of IFFT processing. 

[0006] Meanwhile, communication has been investigated in which multicasting is applied to the OFDM method and 

40 OFDM-CDMA method (hereinafter referred to simply as "OFDM method"). Multicasting is communication whereby a 
transmitting-side apparatus transmits a specific (identical) burst unit signal to a plurality of receiving-side apparatuses 
(that is, communication whereby a plurality of receiving-side apparatuses receive a burst unit signal transmitted by the 
same transmitting-side apparatus). Retransmission control in an OFDM method to which this kind of multicasting is 
applied is similar to retransmission control in the OFDM method described above, except for the following point. 

45 [0007] Namely, the transmitting-side apparatus transmits the same burst unit signal to a plurality of receiving-side 
apparatuses, and if an error occurs in a generated demodulated signal, the plurality of receiving-side apparatuses 
transmit a burst unit signal containing a retransmission request signal to the transmitting-side apparatus. On receiving 
such a burst unit signal from any of the plurality of receiving-side apparatuses, the transmitting-side apparatus retrans- 
mits the above-described burst unit signal to the plurality of receiving-side apparatuses. By this means, the plurality of 

so receiving-side apparatuses can generate a demodulated signal with improved error rate characteristics. 

[0008] However, there is a problem with the above-described conventional OFDM method, as follows. Namely, when 
an error occurs in a demodulated signal, the transmitting-side apparatus performs retransmission to a receiving-side 
apparatus in response to a retransmission request issued by the receiving-side apparatus to the transmitting-side 
apparatus. By this means, a receiving-side apparatus can improve demodulated signal error rate characteristics. 

55 [0009] However, in an OFDM method to which multicasting is applied, since a specific burst unit signal transmitted 
by a transmitting-side apparatus is received by a plurality of receiving-side apparatuses, there are cases where a 
plurality of receiving-side apparatuses in which an orror has occurred in the received burst unit signal transmit a burst 
unit signal containing a retransmission request signal simultaneously in the same frame. This situation will be described 
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in detail with reference to FIG.1. FIG 1 is a schematic diagram showing the frame format used in the conventional 
OFDM method. 

[0010] The transmitting-side apparatus transmits specific burst unit signals (that is, down burst 1 and down burst 2) 
to a plurality of receiving-side apparatuses. Of this plurality of receiving-side apparatuses, a receiving-side apparatus 

s that detects an error in the demodulated signal for the above-mentioned burst unit signals transmits a burst unit signal 
containing a retransmission request signal (for example, retransmission request burst 1) to the transmitting-side ap- 
paratus. If there are a plurality of receiving-side apparatuses that have detected an error in the demodulated signal, 
each of such receiving-side apparatuses (in FIG.1 , four receiving-side apparatuses) transmits one burst unit signal. 
[0011] Therefore, the greater the number of receiving-side apparatuses that detect an error in the demodulated 

10 signal, the greater is the time occupied by these burst unit signals containing a retransmission request signal. As these 
burst unit signals containing a retransmission request signal are not directly involved in information signal transmission, 
information signal transmission efficiency falls in proportion to the amount of time occupied by burst unit signals con- 
taining a retransmission request signal in the same frame. A fall in information signal transmission efficiency can be 
prevented by arranging for a receiving-side apparatus that detects an error in a demodulated signal not to transmit a 

?5 burst unit signal containing a retransmission request signal. In this case, however, demodulated signal error rate char- 
acteristics in a receiving-side apparatus will deteriorate. 

[0012] As described above, a problem with an OFDM method to which conventional multicasting is applied is that it 
is difficult to achieve both an improvement in information signal transmission efficiency and an improvement in demod- 
ulated signal error rate characteristics, due to the fact that there are cases where a plurality of receiving-side appara- 
20 tusos that have detected an error in a received burst unit signal transmit burst unit signals containing a retransmission 
request signal in the same frame. 

Disclosure of Invention 

25 [0013] It is an object of the present invention to provide an OFDM communication apparatus that achieves both an 
improvement in information signal transmission efficiency and an improvement in demodulated signal error rate char- 
acteristics in an OFDM method to which multicasting is applied. 

[0014] A first theme of the present invention is that when, in OFDM communication, retransmission is requested for 
a predetermined OFDM signal transmitted by the same transmitting-side apparatus to a plurality of receiving-side 

30 apparatuses, each receiving-side apparatus transmits to that transmitting-side apparatus a retransmission OFDM sig- 
nal in which a predetermined signal is superimposed only on a subcarrier specific to the above-mentioned predeter- 
mined OFDM signal among that plurality of receiving-side apparatuses at a time identical to the transmission time of 
a retransmission OFDM signal by other receiving-side apparatuses. In addition, the transmitting-side apparatus extracts 
the signal superimposed on each subcarrier by means of Fourier transform processing on an above-mentioned re- 

35 transmission OFDM signal, and based on the level of a signal superimposed on a subcarrier specific to an OFDM 
signal, retransmits that OFDM signal to the receiving-side apparatus that received that OFDM signal. 
[0015] A second theme of the present invention is that, in OFDM-CDMA communication, a transmitting-side appa- 
ratus generates a multiplex signal by multiplexing information signals that have undergone spreading processing by 
means of a spreading code specific to a group (a group of receiving-side apparatuses that receive the same information 

40 signal), and transmits an OFDM signal generated by means of inverse Fouriertransform processing on the generated 
multiplex signal to a plurality of receiving-side apparatuses, and on the other hand, a receiving-side apparatus, when 
requesting retransmission of an information signal concerning a group to which this receiving-side apparatus belongs, 
generates a multiplex signal by multiplexing predetermined signals that have undergone spreading processing by 
means of a spreading code specific to the group, and transmits to the transmitting-side apparatus a retransmission 

45 OFDM signal generated by performing inverse Fourier transform processing on the generated multiplex signal, at a 
time identical to the transmission time of a retransmission OFDM signal by other receiving-side apparatuses. In addition, 
the transmitting-side apparatus generates a demodulated signal for the above-mentioned group by means of Fourier 
transform processing and despreading processing using a spreading code specific to the group on a received retrans- 
mission OFDM signal, and based on the level of a demodulated signal for that group, recognizes whether or not a 

so retransmission request has been made by a receiving-side apparatus belonging to that group for an information signal 
for that group. 

Brief Description of Drawings 
55 [0016] 



FIG. 1 is a schematic diagram showing the frame format used in the conventional OFDM method; 

FIG. 2 is a schematic diagram showing an example of the subcarrier arrangement in a retransmission request burst 
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used by an OFDM communication apparatus according to Embodiment 1 of the present invention; 

FIG. 3 is a schematic diagram showing an example of reception levels of signals transmitted by individual subcar- 

riers in OFDM communication; 

FIG. 4 is a schematic diagram showing an example of a frequency characteristic in a multipath environment in 
5 OFDM communication; 

FIG. 5 is a block diagram showing the configuration of an OFDM communication apparatus according to Embodi- 
ment 1 of the present invention; 

FIG. 6 is a block diagram showing the configuration of the DIV selection section in an OFDM communication ap- 
paratus according to Embodiment 1 of the present invention; 
to FIG. 7 is a schematic diagram showing the burst format used in an OFDM communication apparatus according to 

Embodiment 1 of the present invention: 

FIG. 8 is a schematic diagram showing reception quality for a retransmission request burst received by an OFDM 
communication apparatus according to an embodiment of the present invention; 

FIG. 9 is a block diagram showing the configuration of an OFDM communication apparatus according to Embodi- 
15 ment 2 of the present invention; 

FIG. 10 is a block diagram showing the configuration of the DIV combining section in an OFDM communication 
apparatus according to Embodiment 2 of the present invention; 

FIG. 11 is a block diagram showing the configuration of the DIV combining section in an OFDM communication 
apparatus according to Embodiment 3 of the present invention; 
20 FIG. 12 is a block diagram showing the configuration of an OFDM communication apparatus according to Embod- 

iment 4 of the present invention; 

FIG. 13 is a biock diagram showing the configuration of an OFDM communication apparatus according to Embod- 
iment 5 of the present invention; 

FIG, 14 is a schematic diagram showing an example of the subcarrier arrangement at the time of multicast burst 
25 generation in an OFDM communication apparatus according to Embodiment 5 of the present invention; 

FIG. 15 is a schematic diagram showing an example of the subcarrier arrangement at the time of retransmission 
request burst generation in an OFDM communication apparatus according to Embodiment 5 of the present inven- 
tion; 

FIG. 16 is a block diagram showing the configuration of an OFDM communication apparatus according to Embod- 
30 iment 6 of the present invention; 

FIG. 17 is a biock diagram showing the configuration of an OFDM communication apparatus according to Embod- 
iment 7 of the present invention; 

FIG. 18 is a block diagram showing the configuration of an OFDM communication apparatus according to Embod- 
iment 8 of the present invention; 
35 FIG. 19 is a schematic diagram showing an example of the subcarrier arrangement at the time of retransmission 

request burst generation in an OFDM communication apparatus according to Embodiment 8 of the present inven- 
tion; 

FIG. 20 is a schematic diagram showing an example of the subcarrier arrangement at the time of retransmission 
request burst generation in an OFDM communication apparatus according to Embodiment 9 of the present inven- 
40 tion; 

FIG.21 is a block diagram showing the configuration of an OFDM communication apparatus according to Embod- 
iment 9 of the present invention; 

FIG. 22 is a schematic diagram showing an example of the subcarrier arrangement at the time of retransmission 
request burst generation in an OFDM communication apparatus according to Embodiment 10 of the present in- 
45 vention; 

FIG. 23 is a block diagram showing the configuration of an OFDM communication apparatus according to Embod- 
iment 1 0 of the present invention; 

FIG. 24 is a schematic diagram showing an example of the subcarrier arrangement at the time of retransmission 
request burst generation in an OFDM communication apparatus according to Embodiment 11 of the present in- 
50 vention; 

FIG. 25 is a block diagram showing the configuration of an OFDM communication apparatus according to Embod- 
iment 1 1 of the present invention; 

FIG. 26 is a block diagram showing the configuration of the DIV selection section in an OFDM communication 
apparatus according to Embodiment 11 of the present invention; 
55 FIG.27 is a block diagram showing the configuration of an OFDM communication apparatus according to Embod- 

iment 1 2 of the present invention; 

FIG.28 is a block diagram showing the configuration of the DIV selection section in an OFDM communication 
apparatus according to Embodiment 12 of the present invention; 
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FIG. 29 is a block diagram showing the configuration of the DIV combining section in an OFDM communication 
apparatus according to Embodiment 13 of the present invention; 

FIG. 30 is a block diagram showing the configuration of an OFDM communication apparatus according to Embod- 
iment 14 of the present invention; and 
s FIG. 31 is a schematic diagram showing an example of the subcarrier arrangement at the time of retransmission 

request burst generation in an OFDM communication apparatus according to Embodiment 14 of the present in- 
vention. 

Best Mode for Carrying out the Invention 

10 

[0017] With reference now to the accompanying drawings, embodiments of the present invention will be explained 
in detail below. In Embodiment 1 through Embodiment 4, retransmission control in the OFDM method is described, 
and in Embodiment 5 through Embodiment 14, retransmission control in the OFDM-CDMA method is described. 

15 (Embodiment 1) 

[001 8] In this embodiment, retransmission control in the OFDM method is described. First, an overview of this em- 
bodiment will be given. A transmittmg-side apparatus transmits a specific burst unit signal (hereinafter referred to as 
"multicast burst") to a plurality of receiving-side apparatuses. Specifically, the transmitting-side apparatus transmits 
20 sequentially group-specific multicast bursts to groups of receiving apparatuses (hereinafter referred to as "groups") 
that receive the same multicast burst. For example, the transmitting-side apparatus transmits multicast burst 1 to group 

1 (receiving-side apparatus 1 through receiving-side apparatus 10) in time t1 , and transmits multicast burst 2 to group 

2 (receiving-side apparatus 11 through receiving-side apparatus 20) in time 12. 

[0019] If an error occurs in the demodulated signal for a multicast burst, all receiving-side apparatuses transmit a 
25 burst unit signal containing a retransmission request signal (hereinafter referred to as "retransmission request burst") 
to the transmitting-side apparatus at the same time. Specifically, each receiving-side apparatus transmits a retrans- 
mission request burst in which a retransmission request signal is superimposed on a subcarrier specific to the multicast 
burst for which retransmission is requested to the transmitting-side apparatus at the same time (at a time common to 
all receiving-side apparatuses), A retransmission request burst will now be described in detail with reference to FIG. 
30 2. FIG.2 is a schematic diagram showing an example of the subcarrier arrangement in a retransmission request burst 
used by an OFDM communication apparatus according to Embodiment 1 of the present invention, 
[0020] As shown in FIG.2, there are assigned to each multicast burst (each group) a plurality of (in this embodiment, 
two) subcarriers specific to that multicast burst (group). Specifically, if the total number of subcarriers is designated k. 
two subcarriers, subcarrier 1 and subcarrier k/2+1 , are assigned to multicast burst 1 (that is, the multicast burst trans- 
35 mitted to group 1 ), and two subcarriers, subcarrier k/2 and subcarrier k, are assigned to multicast burst k/2 (that is, the 
multicast burst transmitted to group k/2). 

[0021 ] According to the subcarrier arrangement shown in FIG.2, each receiving-side apparatus generates a retrans- 
mission request burst by superimposing a retransmission request signal for a subcarrier assigned specifically to a 
multicast burst in which an error occurs. When a plurality of multicast bursts are received, each receiving-side apparatus 
40 generates a retransmission request burst by superimposing a retransmission request signal on subcarriers assigned 
specifically to all multicast bursts in which an error occurs. An arbitrary signal, such as "1 " or "0", for example, can be 
used as the retransmission request signal superimposed on a subcarrier. 

[0022] A receiving-side apparatus transmits a retransmission request burst as described above to the transmitting- 
side apparatus at a time common to all receiving-side apparatuses (that is, at a time identical to the time of transmission 
45 of a retransmission request burst by all receiving-side apparatuses). That is to say, the transmitting-side apparatus 
can receive a signal for recognizing retransmission requests from all receiving-side apparatuses (more specifically, 
which multicast bursts among all multicast bursts should be retransmitted) within the time corresponding to one re- 
transmission burst, 

[0023] Specifically, the transmitting-side apparatus first extracts the signal transmitted by each subcarrier by per- 
so forming FFT processing using retransmission request bursts transmitted by all receiving-side apparatuses at the same 
time. Then, using the reception level of the signal transmitted by each subcarrier, the transmitting-side apparatus can 
recognize the receiving-side apparatus by which the retransmission request for each multicast burst was issued. That 
is to say, when , for example, the reception levels of signals transmitted by subcarrier 1 and subcarrier k/2+1 are greater 
than or equal to a threshold value for multicast burst 1 , the transmitting-side apparatus can recognize the fact that a 
ss retransmission requestfor multicast burst 1 has been issued by one of the receiving-side apparatuses. To give a more 
detailed explanation, for multicast burst 1 , the transmitting-side apparatus selects, from subcarrier 1 and subcarrier k/ 
2+1 , the subcarrier whose transmitted signal reception level is higher, and furthermore, if the reception level of the 
signal transmitted by the selected subcarrier is greater than or equal to a threshold value, can recognize the fact that 
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a retransmission request for multicast burst 1 has been issued by one of the receiving-side apparatuses. 
[0024] It is theoretically possible to use a retransmission request burst in which a retransmission request signal is 
superimposed on one subcarrier or three or more subcarriers assigned to each multicast burst. However, due to the 
factors indicated below, it is desirable to use a retransmission request burst in which a retransmission request signal 

s is superimposed on two subcarriers assigned to each multicast burst. 

[0025] FIG.3 is a schematic diagram showing an example of reception levels of signals transmitted by individual 
subcarriers in OFDM communication. In a multipath environment, as shown in FIG.3, the reception levels of signals 
transmitted by all subcarriers are not identical, and the reception level of the signal transmitted by a particular subcarrier 
(subcarrier 203) may fall significantly belowthe reception levels of signals transmitted by other subcarriers (subcarrier 

10 201 and subcarrier 202). 

[0026] In such a multipath environment, when a retransmission request burst is used in which a retransmission 
request signal is superimposed on one subcarrier assigned to each multicast burst, the reception level of the signal 
transmitted by that subcam'er may fall significantly. In this case, there is a possibility that the transmitting-side apparatus 
will erroneously determine that a retransmission request for a predetermined multicast burst has not been issued by 

15 any receiving-side apparatus despite the fact that a retransmission request for that predetermined multicast burst has 
been issued by one of the receiving-side apparatuses. 

[0027] A possible way to prevent such a situation arising is to use a retransmission request burst with a retransmission 
request signal superimposed on three or more subcarriers assigned to each multicast burst. In this case, for a prede- 
termined multicast burst, the transmitting-side apparatus selects, from three or more subcarriers assigned to that mul- 
20 ticast burst, the subcarrier whose transmitted signal reception level is highest, and using the reception level of the 
signal transmitted by the selected subcarrier, can recognize whether or not a retransmission request for the above- 
mentioned multicast burst has been issued by any of the receiving-side apparatuses. 

[0028] However, as the number of subcarriers is limited, the larger the number of subcarriers on which a retransmis- 
sion request signal is superimposed on one multicast burst, the smaller is the number of multicast bursts for which 

25 retransmission can be requested by one retransmission request burst. Therefore, in this embodiment, a retransmission 
burst is used whereby a retransmission request signal is superimposed on two subcarriers assigned each multicast 
burst. By this means, the transmitting-side apparatus can reliably recognize a retransmission request for a predeter- 
mined multicast burst issued by any receiving-side apparatus without affecting the number of multicast bursts for which 
retransmission can be requested by one retransmission request burst. 

30 [0029] Next, the method of determining two subcarriers that are assigned specifically to a predetermined multicast 
burst will be described with reference to FIG.4. FIG.4 is a schematic diagram showing an example of a frequency 
characteristic in a multicast environment in OFDM communication. In FIG.4, it is assumed that the multipath delay 
variance (that is, the difference in arrival times of the principal wave and a desired wave) is 150 ns, and the signal 
bandwidth is 16.2 MHz. 

35 [0030] in order to isolate variance due to fading in the signals transmitted by the two subcarriers, the interval shown 
in the following equation must be left between the two subcarriers. 

Necessary subcarrier interval = 1/(2 x delay variance) -(1) 

40 

[0031 ] Even in a multipath environment, there will not be a fall in the reception level of either of the signals transmitted 
by two subcarriers separated by the interval shown in Equation (1). Therefore, by assigning two subcarriers separated 
by an interval that satisfies Equation (1) to a predetermined multicast burst, it is possible to prevent the phenomenon 
whereby the transmitting-side apparatus erroneously determines that a retransmission request for a predetermined 

45 multicast burst has not been issued by any receiving-side apparatus despite the fact that a retransmission request for 
that predetermined multicast burst has been issued by one of the receiving-side apparatuses. 
[0032] In the kind of multipath environment shown in FIG.4, for example, since the multipath delay variance is 150 
ns, it is possible to prevent a fall in the reception level of either of the two subcarriers as long as a frequency interval 
of 3.3 MHz or more is left between those two subcarriers. This completes the overview of this embodiment. 

so [0033] Next, the configuration of an OFDM communication apparatus according to this embodiment will be described 
with reference to FIG.5. FIG.5 is a block diagram showing the configuration of an OFDM communication apparatus 
according to Embodiment 1 of the present invention. An OFDM communication apparatus according to this embodiment 
comprises a transmitting system and a receiving system. 

[0034] In the transmitting system, a retransmission control section 401 outputs a new information signal or a retrans- 
55 mission information signal to a modulation section 402, and also outputs channel type information, indicating whether 
this OFDM communication apparatus is to transmit a multicast burst (a multicast burst containing a new information 
signal or a multicast burst containing a retransmission information signal) or a retransmission request burst, to a se- 
lection soction 403. The modulation section 402 performs modulation processing on the Information signal from the 
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retransmission control section 401 , and outputs the information signal that has undergone modulation processing to 
the selection section 403. 

[0035] A delay section 404 delays a retransmission request signal by a predetermined time, and outputs the delayed 
retransmission request signal to a parallel/serial (hereinafter referred to as "P/S") conversion section 405. The P/S 
5 conversion section 405 performs P/S conversion processing on the retransmission request signal and the retransmis- 
sion request signal that has been delayed for a predetermined time, and outputs the retransmission request signal 
obtained by P/S conversion processing to the selection section 403. 

[0036] Based on the channel type information, the selection section 403 outputs a transmission path estimation 
preamble (a known signal used for transmission path estimation by a communicating party), an information signal that 
10 has undergone modulation processing by the modulation section 402, or a retransmission request signal from the PI 
S conversion section 405 to an IFFT section 406, 

[0037] The IFFT section 406 generates an OFDM signal by performing IFFT processing using the information signal, 
retransmission request signal, or transmission path estimation preamble from the selection section 403. Then the IFFT 
section 406 generates a burst unit signal (hereinafter referred to simply as "burst")-that is, a multicast burst or retrans- 
15 mission request burst-by performing predetermined transmission processing and so forth on the generated OFDM 
signal. The generated burst is transmitted to the communicating party via an antenna 407. 

[0038] Meanwhile, in the receiving system, an FFT section 409 performs predetermined reception processing on a 
signal received by an antenna 408 (received signal), and extracts the signal transmitted by each subcarrier by per- 
forming FFT processing using the received signal that has undergone predetermined reception processing. 

so [0039] A demodulation section 41 0 first generates a single-sequence signal by performing P/S conversion processing 
on the signal transmitted by each subcarrier (plurality of sequences of signals). The retransmission control section 401 
then generates a signal indicating the reception amplitude of the signal transmitted by each subcarrier by performing 
absolute value computation and so forth on the generated single-sequence signal, and outputs the generated signal 
to a diversity (hereinafter referred to as "DIV") selection section 412. ""he demodulation section 410 also generates a 

25 demodulated signal by performing demodulation processing including transmission path compensation processing on 
the generated single-sequence signal, and outputs this demodulated signal to the DIV selection section 412 and an 
error detection section 411 . 

[0040] The DIV selection section 412 selects from the subcarriers a subcarrier whose transmitted signal level is 
higher, and outputs the demodulated signal for the signal transmitted by the selected subcarrier to an absolute value 

so detection section 413. The absolute value detection section 41 3 detects the absolute value of the demodulated signal 
from the DIV selection section 412. A size comparison section 414 compares the absolute value detected by the 
absolute value detection section 413 with a threshold value, and based on the result of the comparison, outputs a 
signal requesting retransmission of the multicast burst received by the OFDM communication apparatus (hereinafter 
referred to as "retransmission signal") to the retransmission control section 401 . 

35 [0041] The error detection section 411 performs error detection processing onthe generated demodulated signal, 
and outputs the demodulated signal that has undergone error detection processing and a signal indicating the error 
detection result (hereinafter referred to as "error detection signal") to the retransmission control section 401 . 
[0042] Based on the error detection signal from the error detection section 41 1 , the retransmission control section 

401 first outputs only a demodulated signal in which an error did not occur as a received signal. The retransmission 
40 control section 401 also executes retransmission control in order to request the communicating party to retransmit a 

multicast burst corresponding to a demodulated signal in which an error occurred. Furthermore, based on the retrans- 
mission signal from the size comparison section 414, the retransmission control section 401 executes retransmission 
control for performing retransmission of a multicast burst for which retransmission has been requested by a commu- 
nicating party. 

45 [0043] The operation of an OFDM communication apparatus that has the above configuration will now be described 
with additional reference to FIG. 6 and FIG.7. FIG. 6 is a block diagram showing the configuration of the DIV selection 
section 412 In an OFDM communication apparatus according to Embodiment 1 of the present invention, and FIG.7 is 
a schematic diagram showing the burst format used in an OFDM communication apparatus according to Embodiment 
1 of the present invention. To simplify the explanation, it will hereinafter be assumed that a receiving-side apparatus 

so receives only one multicast burst (here, multicast burst 1) transmitted by the transmitting-side apparatus. The trans- 
mitting-side apparatus and receiving-side apparatuses are each provided with an OFDM communication apparatus as 
shown in FIG. 5. 

<Operation of transmitting system in transmitting-side apparatus> 

55 

[0044] In FiG. 5, firstly, in the transmitting system in the transmitting-side apparatus, an information signal output by 
the retransmission control section 401 undergoes predetermined modulation processing by the modulation section 

402 and is then output to the selection section 403. Also, channel type information indicating that this OFDM commu- 
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nication apparatus is to transmit a multicast burst (a multicast burst containing a new information signal) is output from 
the retransmission control section 401 to the selection section 403 

[0045] Based on the above-mentioned channel type information, a transmission path estimation preambie is output 
from the selection section 403 to the I FFT section 406, followed by an information signal that has undergone modulation 
s processing by the modulation section 402. 

[0046] In the IFFT sect ion 406, IFFT processing is performed on the transmission path estimation preamble and 
the information signal that has undergone modulation processing output from the selection section 403. Specifically, 
the transmission path estimation preamble and the information signal that has undergone modulation processing are 
first converted from a single-sequence signal to a plurality of sequences of signals. Moreover, by having IFFT process- 
es ing performed on the signal of each sequence, an OFDM signal is generated in which the signal of each sequence is 
superimposed on a sequence-specific subcarrier. Following this, a multicast burst is generated by having predeter- 
mined transmission processing performed on the generated OFDM signal. Specifically, as shown in FIG.7, a multicast 
burst containing a transmission path estimation preamble of a predetermined number of symbols and an information 
signal of a predetermined number of symbols (here, datal and data2) is generated. The multicast burst generated in 
15 this way (here, multicast burst 1), is transmitted to the plurality of receiving-side apparatuses corresponding to this 
multicast burst 1 (here, receiving-side apparatus through receiving-side apparatus 1 0) via antenna 407, By performing 
the same kind of processing as described above, a plurality of multicast bursts are transmitted sequentially via antenna 
407. 

20 <Operation of receiving system in receiving-side apparatus> 

[0047] In the receiving system of a receiving-side apparatus that receives this multicast burst 1 , the received signal 
from antenna 408 first undergoes predetermined reception processing in the FFT section 409. Then the signal trans- 
mitted by each subcarrier is extracted by performing FFT processing on the received signal that has undergone pre- 
ss determined reception processing. The signal transmitted by each subcarner is output to the demodulation section 41 0 . 
[0048] In the demodulation section 410, a demodulated signal is generated by performing demodulation processing 
on the signals transmitted by the sub-carriers. Specifically, the signals transmitted by the subcarriers are converted 
from a plurality of sequences of signals to a single-sequence received signal. Following this, transmission path esti- 
mation is performed using the signal corresponding to a transmission path estimation preamble in the single-sequence 
30 received signal, Using the transmission path estimation result, a demodulated signal is then obtained by performing 
transmission path compensation on the signal corresponding to an information signal in the single-sequence received 
signal. The obtained demodulated signal is output to the error detection section 411 . 

[0049] In the error detection section 411 , error correction processing (such as CRC, for example) is executed on the 
demodulated signal generated by the demodulation section 41 0. An error detection signal indicating the result of this 
35 error detection processing is output to the retransmission control section 401 together with the demodulated signal 
generated by the demodulation section 410. 

[0050] In the retransmission control section 401 , it is first determined whether or not an error has occurred in the 
demodulated signal, based on the error detection signal. If an error has not occurred in the demodulated signal, this 
demodulated signal is output to latter-stage circuitry (not shown) as a received signal. If an error has occurred in the 
40 demodulated signal, this demodulated signal is discarded and retransmission control is performed in order to request 
the transmitting-side apparatus to retransmit the multicast burst corresponding to this demodulated signal. Details of 
the retransmission control are as follows. 

•(Operation of transmitting system in receiving-side apparatus> 

45 

[0051] In the transmitting system of the receiving-side apparatus, channel type information indicating transmission 
of a retransmission request burst is output from the retransmission control section 401 to the selection section 403. In 
addition, a retransmission request signal is output from the delay section 404 to the P/S conversion section 405. A 
retransmission request signal delayed by a predetermined time by the delay section 404 is output to the P/S conversion 
50 section 405. The retransmission request signal used when requesting retransmission of the same multicast burst is 
the same signal not only in this receiving-side apparatus but among all receiving-side apparatuses that request re- 
transmission of the above-mentioned same multicast burst. 

[0052] In the P/S conversion section 405, P/S conversion processing is performed on the retransmission request 
signal and the retransmission request signal delayed by a predetermined time so that a retransmission request signal 
55 is superimposed appropriately on two subcarriers specific to a multicast burst received by this OFDM communication 
apparatus in IFFT processing by the IFFT section 406. A retransmission request signal that has undergone P/S con- 
version processing is output to the selection section 403. 

[0053] Based on channel type information from the retransmission control section 401 , a transmission path estimation 
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preamble is output from the selection section 403 to the I FFT section 406, and then the retransmission request signal 
from the P/S conversion section 405 is output. 

[0054] In the IFFT section 406, I FFT processing is performed on the transmission path estimation preamble and 
retransmission request signal from the selection section 403, and an OFDM signal is generated. By this means a 

s retransmission request burst is generated. The IFFT processing here is similartothe above-described IFFT processing 
in the transmitting system, except for the following point. Namely, in the IFFT section 406, a transmission path estimation 
preamble and retransmission request signal converted to a plurality of sequences of signals are superimposed on only 
two subcarners assigned specifically to a multicast burst received by this OFDM communication apparatus (subcarrier 
1 and subcarrier k/2+1 in FIG. 2). No signals whatever are superimposed on subcarriers other than these two subcar- 

10 hers. It goes without saying that a frequency interval set in accordance with Equation (1) above is provided between 
these two subcarriers. It also goes without saying here that not only in this receiving-side apparatus but in all receiving- 
side apparatuses that receive the same multicast burst, when requesting retransmission of the above-mentioned same 
multicast burst, a retransmission request signal is superimposed on a subcarrier specific to the above-mentioned same 
multicast burst in all receiving-side apparatuses. 

15 [0055] The retransmission request burst generated by this IFFT section 406 is transmitted to the transmitting-side 
apparatus via antenna 407, As shown in FIG . 7 this retransmission request burst contains a transmission path estima- 
tion preamble of a predetermined number of symbols and a retransmission request signal of a predetermined number 
of symbols (here, datal and data2). This retransmission request burst is transmitted at a time common to all receiving- 
side apparatuses performing communication with the transmitting-side apparatus. In other words, all receiving-side 

so apparatuses performing communication with the transmitting-side apparatus transmit a retransmission request burst 
at the same time. 

<Operation of receiving system in transmitting-side apparatus> 

25 [0056] In the receiving system of the transmitting-side apparatus that receives a retransmission request burst, the 
same kind of processing as in the receiving system of a receiving-side apparatus described above is carried out on 
the received signal from antenna 408, and the signal transmitted by each subcarrier is extracted and output to the 
demodulation section 410. As a case is here being described in which the transmitting-side apparatus transmits only 
multicast burst 1 to a plurality of receiving-side apparatuses, the subcarriers on which a retransmission request signal 

30 has been superimposed by a receiving-side apparatus are only subcarrier 1 and subcarrier k/2+1 corresponding to 
multicast burst 1 . Therefore, only the signals transmitted by subcarrier 1 and subcarrier k/2+1 are output from the FFT 
section 409 to the demodulation section 410. 

[0057] in the demodulation section 410, in the same way as in the receiving system of a receiving-side apparatus 
described above, the signals transmitted by the above-mentioned subcarriers are converted from a plurality of se- 
35 quences of signals to a single-sequence signal and undergo transmission path compensation processing, as a result 
of which a demodulated signal is obtained. This demodulated signal is output to the DIV selection section 412. The 
reception amplitude of the generated single-sequence signal is also detected by the demodulation section 410. A signal 
indicating this reception amplitude is also output to the DIV selection section 412. 

[0058] In the DIV selection section 412, a subcarrier whose transmitted signal level is higher is selected from the 
40 above-mentioned subcarriers, and only the demodulated signal for the signal transmitted by the selected subcarrier is 
output to the absolute value detection section 413. 

[0059] Specifically, referring to FIG. 6, the demodulated signal is output directly to a selection section 501 , and is also 
output to the selection section 501 after being delayed by a predetermined time by a delay section 502. By this means, 
the demodulated signal for the signal transmitted by subcarrier 1 and the demodulated signal for the signal transmitted 

45 by subcarrier k/2+1 are output to the selection section 501 . Meanwhile, the signal indicating the reception amplitude 
is output directly to a size comparison section 503, and is also output to the size comparison section 503 after being 
delayed by a predetermined time by a delay section 504. By this means, a signal indicating the reception amplitude of 
the signal transmitted by subcarrier 1 and a signal indicating the reception amplitude of the signal transmitted by sub- 
carrier k/2+1 are output to the size comparison section 503. 

so [0060] In the size comparison section 503, the reception amplitude of the signal transmitted by subcarrier 1 and the 
reception amplitude of the signal transmitted by subcarrier k/2+1 are compared. The result of the comparison is output 
to the selection section 501. In the selection section 501, the subcarrier whose transmit signal has the higher reception 
amplitude is selected from subcarrier 1 and subcarrier k/2+1 , using the result of the comparison by the size comparison 
section 503, and the demodulated signal for the signal transmitted by the selected subcarrier is output to the absolute 

55 value detection section 413. 

[0061 ] The absolute value of the demodulated signal for the signal transmitted by the subcarrier selected by the DIV 
selection section 41 2 is detected by the absolute value detection section 413. The detected absolute value is notified 
to the size comparison section 414, 
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[0062] In the size comparison section 414 the absolute value detected by the absolute value detection section 413 
is compared with a threshold value. If the detected absolute value is greater than or equal to the threshold value, it is 
recognized that retransmission of multicast burst 1 has been requested by one of the plurality of receiving-side appa- 
ratuses that received this multicast burst 1 . Conversely, if the detected absolute value is less than the threshold value, 
s it is recognized that retransmission of this multicast burst 1 has not been requested by any of the above-mentioned 
receiving-side apparatuses. A retransmission signal is output to the retransmission control section 401 only when the 
detected absolute value is greater than or equal to the threshold value. 

[0063] All receiving-side apparatuses that receive the same multicast burst, when requesting retransmission of that 
same multicast burst, generate a retransmission request burstforthat same multicast burst by superimposing a corn- 
's mon (identical) retransmission request signal in all receiving-side apparatuses that receive that same multicast burst 
on a subcarrier specific to that same multicast burst in the above-mentioned plurality of receiving-side apparatuses. 
Thus, the absolute value detected by the absolute value detection section 41 3 is compared with the number of receiving- 
side apparatuses that have made a request to the transmitting-side apparatus for retransmission of multicast burst 1 . 
Therefore, by using the absolute value detected by the absolute value detection section 413 in the size comparison 
15 section 414, it is possible to recognize simply and accurately how many receiving-side apparatuses have issued a 
retransmission request for multicast burst 1 . 

[0064] When this retransmission signal is output from the retransmission control section 401 , retransmission control 
is performed in orderto retransmit multicast burst 1 for which retransmission is requested by a receiving-side apparatus. 
Details of the retransmission control are as follows. 

20 [0065] At the timing at which the OFDM communication apparatus transmits a multicast burst containing an infor- 
mation signal for retransmission, an information signal corresponding to multicast burst 1 (that is, an information signal 
for retransmission) is output from the retransmission control section 401 to the modulation section 402. Also, channel 
type information indicating that the OFDM communication apparatus is to transmit a multicast burst (a multicast burst 
containing an information signalfor retransmission) is output from the retransmission control section 401 to the selection 

25 section 403. Thereafter, the same kind of processing is performed as in transmission of the above-described multicast 
burst (that is, a multicast burst containing a new information signal), and multicast burst 1 is transmitted to a plurality 
of receiving-side apparatuses via antenna 407. 

[0066] A case has been described above in which a receiving-side apparatus receives only one multicast burst (here, 
multicast burst 1) transmitted by the transmitting-side apparatus. In actuality, a receiving-side apparatus receives a 

30 plurality of multicast bursts transmitted by the transmitting-side apparatus. Therefore, a case is described below in 
which a receiving-side apparatus receives a plurality of multicast bursts (here, multicast burst 1 through multicast burst 
k/2) transmitted by the transmitti ng-side apparatus, considering only points of difference from the case described above. 
[0067] In the transmitting system of a receiving-side apparatus, a retransmission request burst is generated by having 
the following kind of OFDM signal generation performed by the IFFT section 406. Namely, in the IFFT section 406, a 

35 transmission path estimation preamble and retransmission request signal converted to a plurality of sequences of 
signals are superimposed on only two subcarriers assigned specifically to a multicast burst for which an error was 
detected in the demodulated signal, and an OFDM signal is generated. 

[0068] Specifically, if an error is detected in the demodulated signal for multicast burst 1 and multicast burst k/2 
among multicast bursts 1 through k/2 received by a receiving-side apparatus, in the IFFT section 406, referring to FIG. 

■to 2, a transmission path estimation preamble and retransmission request signal converted to a plurality of sequences 
of signals are superimposed only on the two subcarriers assigned specifically to multicast burst 1 (that is, subcarrier 
1 and subcarrier k/2) and the two subcarriers assigned specifically to multicast burst k/2 (that is, subcarrier k/2 and 
subcarrier k), and an OFDM signal is generated. At this time, no signals whatever are superimposed on subcarriers 
other than the above-mentioned subcarriers. Using the OFDM signal generated in this way, a retransmission request 

45 burst is generated and transmitted to the transmitting-side apparatus. 

[0069] In the receiving system in the transmitting-side apparatus, signals transmitted by all subcarriers are output 
from the FFT section 409 to the demodulation section 410. Here, the same kind of processing as described in the 
above example (that is, the case where a receiving-side apparatus receives only multicast burst 1) is performed by 
the demodulation section 410, DIV selection section 412, absolute value detection section 413, and size comparison 

so section 41 4 for each signal transmitted by a subcarrier corresponding to a multicast burst. By this means, the multicast 
burst among multicast bursts 1 through k/2 for which a retransmission request has been issued by a receiving-side 
apparatus is recognized by the size comparison section 414. 

[0070] As a result, the multicast burst for which retransmission was requested is transmitted by the transmitting 
system of the transmitting-side apparatus to the plurality of receiving-side apparatuses corresponding to that multicast 
55 burst. 

[0071 ] The actual effect of the above embodiment will now be briefly illustrated, taking as an example a case where 
the transmitting-side apparatus transmits 10 multicast bursts to 10 receiving-side apparatuses corresponding to these 
multicast bursts. With the conventional method, if errors occur In the demodulated signals for all multicast bursts in all 
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the receiving-side apparatuses, the transmitting-side apparatus can recognize retransmission requests from all the 
receiving-side apparatuses by receiving 1 00 retransmission bursts. In this embodiment, on the other hand, if the total 
number of subcarriers is 20 or more (that is, the total number of multicast bursts is (total number of subcarriers/2) or 
less) the transmitting-side apparatus can recognize, retransmission requests from all the receiving-side apparatuses 

s by receiving one retransmission burst, 

[0072] The effect in the case where two subcarriers are assigned on a specific basis to a predetermined multicast 
burst (hereinafter referred to as "selective diversity case") will be described, with reference to FIG.8, in contrast to the 
case where one subcarrier is assigned on a specific basis to a predetermined multicast burst (hereinafter referred to 
as "single carrier case"). FIG.8 is a schematic diagram showing reception quality for a retransmission request burst 

10 received by an OFDM communication apparatus according to an embodiment of the present invention. 

[0073] As shown in FIG.8, comparedwith single carriercase characteristic 704, selective diversity case characteristic 
701 shows an improvement of approximately 5 dB in the signal to thermal noise power ratio (Eb/No) for a retransmission 
request burst. As a result, it is possible to prevent a situation where a retransmission request is made by a receiving- 
side apparatus for a predetermined multicast burst but the transmitting-side apparatus erroneously determines that no 

15 such request has been made. 

[0074] Thus, in this embodiment, when retransmission is requested for a predetermined OFDM signal transmitted 
in common to a plurality of receiving-side apparatuses by the same transmitting-side apparatus, each receiving-side 
apparatus transmits to that transmitting-side apparatus a retransmission OFDM signal in which predetermined signals 
are multiplexed for only subcarriers assigned specif ically to that predetermined OFDM signal, at a time identical to the 

so time of transmission of a retransmission OFDM signal by other receiving-side apparatuses. 

[0075] By this means, even if there are many receiving-side apparatuses for which an error occurs in the demodulated 
signal for the above-mentioned predetermined OFDM signal, these receiving-side apparatuses can issue a retrans- 
mission request for the predetermined OFDM signal to the above-mentioned transmitting-side apparatus by means of 
one retransmission OFDM signal. Moreover, as these receiving-side apparatuses all transmit a retransmission OFDM 

25 signal at a time identical to the time of transmission of a retransmission OFDM signal by all receiving-side apparatuses, 
the transmitting-side apparatus can recognize retransmission requests from all the receiving-side apparatuses by re- 
ceiving one retransmission OFDM signal. 

[0076] Also, in this embodiment, a subcarrier is assigned specifically to a predetermined OFDM signal, and therefore 
the transmitting-side apparatus can recognize for which of predetermined OFDM signals a retransmission request has 

so been issued by using the level of the signai transmitted by each subcarrier. 

[0077] Therefore, in this embodiment, the time occupied by a retransmission OFDM signai in the same frame does 
not vary even if the number of receiving-side apparatuses for which an error occurs in the demodulated signal for the 
above-described OFDM signal increases, In other words, the transmitting-side apparatus can recognize retransmission 
requests for a predetermined OFDM signal by all the receiving-side apparatuses by receiving one retransmission OFDM 

3S signal. As described above, according to this embodiment, it is possible to achieve both an improvement in information 
signal transmission efficiency and an improvement in demodulated signal error rate characteristics. 

(Embodiment 2) 

40 [0078] In this embodiment, a case is described, with reference to FIG. 9, in which a retransmission request for a 
predetermined multicast burst is recognized using a signal obtained by equal-gain combining of signals transmitted by 
subcarriers specific to that predetermined multicast burst in Embodiment 1. FIG.9 is a block diagram showing the 
configuration of an OFDM communication apparatus according to Embodiment 2 of the present invention. Parts in FIG. 
9 identical to those in Embodiment 1 (FIG.5) are assigned the same codes as in FIG.5 and their detailed explanations 

■*5 are omitted. 

[0079] An OFDM communication apparatus according to this embodiment has a configuration wherein DIV selection 
section 412 in an OFDM communication apparatus according to Embodiment 1 is replaced by a DIV combining section 
801. 

[0080] The operation of an OFDM communication apparatus that has the above configuration will now be described, 
so considering only points of difference from Embodiment 1 . To simplify the explanation, it will hereinafter be assumed 
that a receiving-side apparatus receives only one multicast burst (here, multicast burst 1 ) transmitted by the transmit- 
ting-side apparatus. The transmitting-side apparatus and receiving-side apparatuses are each provided with an OFDM 
communication apparatus as shown in FIG.9. 

ss <Operation of receiving system in transmitting-side apparatus> 

[0081] In a demodulation section 410, as in Embodiment 1 , the signals transmitted by the above-mentioned subcar- 
riers are converted from a plurality of sequences of signals to a single-sequence signal and undergo transmission path 
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compensation processing, as a result of which a demodulated signal is obtained. This demodulated signal is output to 
the DIV combining section 801 . The reception amplitude of the generated single-sequence signal is also detected by 
the demodulation section 410. A signal indicating this reception amplitude is also output to the DIV combining section 
801. 

s [0082] In the DIV combining section 801 , the demodulated signal for the signal transmitted by each subcarrier is first 
multiplied by the reception amplitude of the signal transmitted by the respective subcarrier. The demodulated signals 
multiplied by reception amplitudes are then added. The demodulated signal obtained by means of this addition is output 
to an absolute value detection section 413. 

[0083] The DIV combining section 801 will now be described in detail with reference to FIG. 10. FIG. 10 is a block 
10 diagram showing the configuration of the DiV combining section 801 in an OFDM communication apparatus according 
to Embodiment 2 of the present invention. Parts in FIG.10 identical to those in Embodiment 1 (FIG. 6) are assigned the 
same codes as in FIG. 6 and their detailed explanations are omitted. 

[0084] In FIG.10, a demodulated signal is output directly to a multiplication section 901, and is also output to a 
multiplication section 902 after being delayed by a predetermined time by a delay section 502. Also, a signal indicating 
is reception amplitude is output directly to multiplication section 901 , and is also output to multiplication section 902 after 
being delayed by a predetermined time by a delay section 504. 

[0085] By this means, a demodulated signal for the signal transmitted by subcarrier 1 and a signal indicating the 
reception amplitude of the signal transmitted by subcarrier 1 are output to multiplication section 901 . In this multiplication 
section 901 , the above-mentioned demodulated signal is multiplied by the above-mentioned signal indicating reception 

20 amplitude. The demodulated signal multiplied by the reception amplitude in multiplication section 901 is output to an 
addition section 903. Also, a demodulated signal forthe signal transmitted by subcarrier k/2+1 and a signal indicating 
the reception amplitude of the signal transmitted by subcarrier k/2-t-1 are output to multiplication section 902. in this 
multiplication section 902, the above-mentioned demodulated signal is multiplied by the above-mentioned signal indi- 
cating reception amplitude. The demodulated signal multiplied by the reception amplitude in multiplication section 902 

25 is output to the addition section 903. In the addition section 903, the demodulated signals multiplied by reception 
amplitudes are added. The demodulated signal obtained by means of this addition (equal-gain combined signal) is 
output to the absolute value detection section 413. 

[0086] A case has been described above in which a receiving-side apparatus receives only one multicast burst (here, 
multicast burst 1) transmitted-by the transmitting-side apparatus. In actuality, a receiving-side apparatus receives a 

30 plurality of multicast bursts transmitted by the transmitting-side apparatus. Therefore, a case is described below in 
which a receiving-side apparatus receives a plurality of multicast bursts (here, multicast burst 1 through multicast burst 
k/2) transmitted by the transmitting-side apparatus, considering only points of difference from the case described above. 
[0087] In the receiving system in the transmitting-side apparatus, signals transmitted by all subcarriers are output 
from an FFT section 409 to the demodulation section 410. Here, the same kind of processing as described in the above 

35 example (that is, the case where a receiving-side apparatus receives only multicast burst 1) is performed by the de- 
modulation section 41 0, DIV combining section 801 , absolute value detection section 41 3, and size comparison section 
414 for each signal transmitted by a subcarrier corresponding to a multicast burst. By this means, the multicast burst 
among multicast bursts 1 through k/2 for which a retransmission request has been issued by a receiving-side apparatus 
is recognized by the size comparison section 414. 

40 [0088] The effect in this embodiment will be described in contrast to Embodiment 1, with reference to FIG. 8. As 
shown in FIG. 8, compared with Embodiment 1 (selective diversity case characteristic 701), characteristic 702 in this 
embodiment shows a further improvement of approximately 1 dB in the signal to thermal noise power ratio for a re- 
transmission request burst. As a result, in this embodiment it is possible to prevent a situation where a retransmission 
request is made by a receiving-side apparatus for a predetermined multicast burst but the transmitting-side apparatus 

45 erroneously determines that no such request has been made, even though the retransmission request burst reception 
level in the transmitting-side apparatus is approximately 1 dB lower than in Embodiment 1 . 

[0089] Thus, in this embodiment, a retransmission request for a predetermined multicast burst is recognized using 
a signal obtained by equal-gain combining of signals transmitted by subcarriers specific to that predetermined multicast 
burst. By this means, the transmitting-side apparatus can recognize a retransmission request for a predetermined 

so multicast burst more reliably than in Embodiment 1 . 

[0090] In this embodiment, a case has been described, as an example, in which the number of specific subcarriers 
assigned to a predetermined multicast burst is two, and a retransmission request is recognized using a signal obtained 
by equal-gain combining of the signals transmitted by those subcarriers, but it is also possible for the number of specific 
subcarriers assigned to a predetermined multicast burst to be three or more. In this case, the signal to thermal noise 

55 power ratio for a retransmission request burst can be further improved. 
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(Embodiment 3) 

[0091] in this embodiment, a case is described in which a retransmission request for a predetermined multicast burst 
is recognized using a signal obtained by maximal-ratio combining of signals transmitted by subcarriers specific to that 
s predetermined multicast burst in Embodiment 1 . 

[0092] The configuration of an OFDM communication apparatus according to this embodiment is similar to that of 
an OFDM communication apparatus according to Embodiment 1 , except for the DIV combining section 801 , and there- 
fore a detailed description of the configuration is omitted here. 

[0093] The operation of an OFDM communication apparatus that has the above configuration will now be described, 
10 considering only points of difference from Embodiment 1 . To simplify the explanation, it will hereinafter be assumed 
that a receiving-side apparatus receives only one multicast burst (here, multicast burst 1) transmitted by the transmit- 
ting-side apparatus. The transmitting-side apparatus and receiving-side apparatuses are each provided with an OFDM 
communication apparatus as shown in FIG. 9. 

15 <Operation of receiving system in transmitting-side apparatus> 

[0094] In a demodulation section 41 0, as in Embodiment 1 , the signals transmitted by the above-mentioned subcar- 
riers are converted from a plurality of sequences of signals to a single-sequence signal and undergo transmission path 
compensation processing, as a result of which a demodulated signal is obtained. This demodulated signal is output to 
so a DIV combining section 801 . The reception amplitude of the generated single-sequence signal is also detected by 
the demodulation section 41 0. A signal indicating this reception amplitude is also output to the DIV combining section 
801. 

[0095] In the DIV combining section 801 , the demodulated signal for the signal transmitted by each subcarrier is first 
multiplied by the reception amplitude of the signal transmitted by the respective subcarrier. The demodulated signals 
25 multiplied by reception amplitudes are then added. The demodulated signal obtained by means of this addition is output 
to an absolute value detection section 413. 

[0096] The DIV combining section 801 will now be described in detail with reference to FIG. 11 . FIG. 11 is a block 
diagram showing the configuration of the DIV combining section 801 in an OFDM communication apparatus according 
to Embodiment 3 of the present invention. Parts in FIG. 11 identical to those in Embodiment 2 (FIG. 10) are assigned 

30 the same codes as in FIG. 10 and their detailed explanations are omitted. 

[0097] In FIG, 11, a demodulated signal is output directly to a multiplication section 901, and is also output to a 
multiplication section 902 after being delayed by a predetermined time by a delay section 502. Also, a signal indicating 
reception amplitude is converted to two sequences and then output to a multiplication section 1001. The signals of the 
two sequences are multiplied by multiplication section 1001. By this means, a signal in which the above-mentioned 

25 reception amplitude is squared (that is, a signal indicating the power of the signals transmitted by the subcarriers) is 
generated. This signal indicating power is output directly to multiplication section 901 , and is aiso outputto muitipiication 
section 902 after being delayed by a predetermined time by a delay section 504. 

[0098] By this means, a demodulated signal for the signal transmitted by subcarrier 1 and a signal indicating the 
power of the signal transmitted by subcarrier 1 are output to multiplication section 901 . In this multiplication section 

40 901 , the above-mentioned demodulated signal is multiplied by the above-mentioned signal indicating power. The de- 
modulated signal multiplied by power in multiplication section 901 is output to an addition section 903. Also, a demod- 
ulated signal for the signal transmitted by subcarrier k/2+1 and a signal indicating the power of the signal transmitted 
by subcarrier k/2+1 are output to multiplication section 902. In this multiplication section 902, the above-mentioned 
demodulated signal is multiplied by the above-mentioned signal indicating power. The demodulated signal multiplied 

45 by power in multiplication section 902 is outputto the addition section 903. In the addition section 903, the demodulated 
signals multiplied by power are added. The demodulated signal obtained by means of this addition (maximal-ratio 
combined signal) is output to the absolute value detection section 413. 

[0099] A case has been described above in which a receiving-sice apparatus receives only one multicast burst (here, 
multicast burst 1) transmitted by the transmitting-side apparatus. In actuality, a receiving-side apparatus receives a 

so plurality of multicast bursts transmitted by the transmitting-side apparatus. Therefore, a case is described below in 
which a receiving-side apparatus receives a plurality of multicast bursts (here, multicast burst 1 through multicast burst 
k/2) transmitted by thetransmitting-side apparatus, considering only points of difference from the case described above. 
[0100] In the receiving system in the transmitting-side apparatus, signals transmitted by all subcarriers are output 
from an FFT section 409 to the demodulation section 410. Here, the same kind of processing as described in the above 

55 example (that is, the case where a receiving-side apparatus receives only multicast burst 1) is performed by the de- 
modulation section 410, DIV combining section 801 , absolute value detection section 41 3, and size comparison section 
414 for each signal transmitted by a subcarrier corresponding to a multicast burst. By this means, the multicast burst 
among multicast bursts 1 through k/2 for which a retransmission request has been issued by a receiving-side apparatus 
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is recognized by the size comparison section 414. 

[01 01 ] The effect in this embodiment will be described in contrast to Embodiment 2, again with reference to FIG. 8. 
As shown in FIG. 8, compared with characteristic 702 in Embodiment 2, characteristic 703 in this embodiment shows 
a further improvement of approximately 0.5 dB in the signal to thermal noise power ratio for a retransmission request 
5 burst. As a result, in this embodiment it is possible to prevent a situation where a retransmission request is made by 
a receiving-side apparatus for a predetermined multicast burst but the transmitting-side apparatus erroneously deter- 
mines that no such request has been made, even though the retransmission request burst reception level in the trans- 
mitting-side apparatus is approximately 0.5 dB lower than in Embodiment 2. 

[0102] Thus, in this embodiment, a retransmission request for a predetermined multicast burst is recognized using 
10 a signal obtained by maximal-ratio combining of signals transmitted by subcarriers specific to that predetermined mul- 
ticast burst. By this means, the transmitting-side apparatus can recognize a retransmission request for a predetermined 
multicast burst more reliably than in Embodiment 1 or Embodiment 2. 

[0103] In this embodiment, a case has been described, as an example, in which the number of specific subcarriers 
assigned to a predetermined multicast burst is two, and a retransmission request is recognized using a signal obtained 
15 by maximal-ratio combining of the signals transmitted by those subcarriers, but it is also possible for the number of 
specific subcarriers assigned to a predetermined multicast burst to be three or more. In this case, the signal to thermal 
noise power ratio for a retransmission request burst can be further improved. 

(Embodiment 4) 

20 

[0104] In this embodiment, a case is described in which the signal level (amplitude) of a retransmission request 
signal inserted in a retransmission request burst is made higher than the information signal level in Embodiment 1 
through Embodiment 3. 

[0105] In Embodiment 1 through Embodiments, when the signal to thermal noise ratio for a retransmission request 
25 burst is low due to poor channel quality orthe like, the quality of a demodulated signal for that retransmission request 
burst deteriorates, and therefore the possibility increases of the transmitting-side apparatus erroneously determining 
that a request has not been made when a retransmission request is made by a receiving-side apparatus for a prede- 
termined multicast burst. In this embodiment, therefore, in a receiving-side apparatus thesignal level of a retransmission 
request signal inserted in a retransmission request burst is made higher than the signal level of an information signal, 
30 transmission path estimation preamble, orthe like, inserted in a multicast burst. By this means, it is possible to improve 
the signal to thermal noise ratio for a retransmission request burst in the transmitting-side apparatus. 
[01 06] The configuration of an OFDM communication apparatus according to Embodiment 4 of the present invention 
is described below, A case is here described, with reference to FIG. 12, in which making the signal level of a retrans- 
mission request signal inserted in a retransmission request burst higher than the signal level of an information signal 
35 is applied to Embodiment 3 (though this can also be applied to both Embodiment 1 and Embodiment 2). FIG, 12 is a 
block diagram showing the configuration of an OFDM communication apparatus according to Embodiment 4 of the 
present invention. Parts in FIG.1 2 identical to those in Embodiments (FIG. 9) are assigned the same codes as in FIG. 
9 and their detailed explanations are omitted. 

[0107] A multiplication section 1101 increases thesignal level of a retransmission request signal by multiplying that 
40 retransmission request signal by a coefficient. This coefficient is determined as appropriate so that the transmitting- 
side apparatus can reliably recognize a retransmission request for a predetermined multicast burst in a predetermined 
communication environment. 

[01 08] When the signal level of a retransmission request signal inserted n a retransmission request burst is made 
larger than the signal level of an information signal by means of the multiplication section 1 1 01 in this way, for a sub- 

45 carrier on which a retransmission request signal is superimposed, only, when a retransmission request burst is received 
by the transmitting-side apparatus, the level of the signal transmitted by that subcarrier (and thus the level of the 
demodulated signal for the signal transmitted by that subcarrier) is higher than in Embodiment 1 through Embodiment 
3. Therefore, in this embodiment, the transmitting-side apparatus can recognize a retransmission request for a prede- 
termined multicast burst more reliably than in Embodiment 1 through Embodiment 3. 

50 [0109] Thus, according to this embodiment, making the signal level (amplitude) of a retransmission request signal 
inserted in a retransmission request burst higher than the information signal level enables the transmitting-side appa- 
ratus to recognize a retransmission request for a predetermined multicast burst more reliably, 

(Embodiment 5) 

55 

[0110] in this embodiment, retransmission control in the OFDM-CDMA method is described. First, an overview of 
this embodiment will be given. A transmitting-side apparatus transmits a multicast burst to a plurality of receiving-side 
apparatuses. Specifically, the transmitting-side apparatus first performs spreading processing on an information signal 
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for a group (a collection of receiving-side apparatuses that receive the same information signal) using a spreading 
code assigned specifically to that group, and generates a multiplex signal by multiplexing information signals for each 
group that have undergone spreading processing. The transmitting-side apparatus then transmits a multicast burst in 
which the multiplex signal is inserted to the plurality of receiving-side apparatuses. 

s [0111] For example, the transmitting-side apparatus performs spreading processing on group 1 (receiving-side ap- 
paratus 1 through receiving-side apparatus 1 0) using a spreading code specific to group 1 , and performs spreading 
processing on group 2 (receiving-side apparatus 11 through receiving-side apparatus 20) using a spreading code 
specific to group 2, and generates a multiplex signal by multiplexing information signals for each group that have 
undergone spreading processing. The transmitting-side apparatus then transmits a multicast burst in which the multi- 

10 plex signal is inserted to receiving-side apparatus 1 through receiving-side apparatus 20. 

[0112] Each receiving-side apparatus first performs Fourier transform processing on the received signal for the mul- 
ticast burst transmitted by the transmitting-side apparatus, and extracts the signal transmitted by each subcarrier. Each 
receiving-side apparatus generates a demodulated signal by performing despreading processing on the extracted 
signals using a spreading code specific to the group corresponding to that receiving-side apparatus (the group to which 

is that receiving-side apparatus belongs). Also, if an error occurs in a generated demodulated signal, each receiving- 
side apparatus performs spreading processing on a retransmission request signal using a spreading code specific to 
the group corresponding to that receiving-side apparatus, and generates a multiplex signal by multiplexing the retrans- 
mission request signals that have undergone spreading processing. Following this, each receiving-side apparatus 
transmits a retransmission request burst in which the multiplex signal is superimposed on subcarriers to the transmit- 

20 ting-side apparatus at the same time (a time common to all receiving-side apparatuses). 

[01 13] That is to say, when an error occurs in an information signal forthe group to which a receiving-side apparatus 
belongs, that receiving-side apparatus generates a retransmission request burst containing a retransmission request 
signal that has undergone spreading processing by means of a spreading code specific to that group. An arbitrary 
signal such as "1 " or "0", for example, can be used as a retransmission request signal. 

25 [01 14] A receiving-side apparatus transmits a retransmission request burst as described above to the transmitting- 
side apparatus at a time common to all receiving-side apparatuses. That is to say, the transmitting-side apparatus can 
receive a signal for recognizing retransmission requests from all receiving-side apparatuses (more specifically, which 
information signal for a group among information signals for all groups should be retransmitted) within the time corre- 
sponding to one retransmission burst. 

30 [0115] Specifically, the transmirting-side apparatus first extracts the signal transmitted by each subcarrier by per- 
forming FFT processing using retransmission request bursts transmitted by all receiving-side apparatuses at the same 
time. Following this, the transmitting-side apparatus generates a demodulated signal for each group by performing 
despreading processing on the signal transmitted by each subcarrier using a spreading code specific to that group. 
Furthermore, using the reception level of the demodulated signal for each group, the transmitting-side apparatus can 

35 recognize whether or not a retransmission request for the information signal corresponding to each group was issued 
by a receiving-side apparatus. That is to say, when, for example, the demodulated signai for group 1 is greater than 
or equal to a threshold value, the transmitting-side apparatus can recognize the fact that a retransmission request for 
the information signal corresponding to group 1 has been issued by one of the receiving-side apparatuses (more 
specifically, by one of the receiving-side apparatuses corresponding to group 1 ). This completes the overview of this 

40 embodiment. 

[0116] Next, the configuration of an OFDM communication apparatus according to this embodiment will be described 
with reference to FIG. 13. FIG. 13 is a block diagram showing the configuration of an OFDM communication apparatus 
according to Embodiments of the present invention. An OFDM communication apparatus according to this embodiment 
comprises a transmitting system and a receiving system. 
45 [0117] In the transmitting system, a retransmission control section 1201 outputs a new information signal or a re- 
transmission information signal to a spreading section 1202, and also outputs channel type information, indicating 
whether this OFDM communication apparatus is to transmit a multicast burst (a multicast burst containing a new in- 
formation signal or a multicast burst containing a retransmission information signal) or a retransmission request burst, 
to a selection section 1203. 

50 [0118] Spreading section 1202 performs spreading processing on the information signal for each group using a 
group-specific spreading code, and generates a multiplex signai by multiplexing information signals that have under- 
gone spreading processing. This spreading section 1202 outputs the generated multiplex signal to the selection section 
1203. 

[01 19] A spreading section 1 204 performs spreading processing on a retransmission request signal using a spreading 
55 code specific to the group corresponding to this OFDM communication apparatus, and generates a multiplex signal 
by multiplexing retransmission request signals that have undergone spreading processing. This spreading section 
1204 outputs the generated multiplex signal to the selection section 1203. 

[01 20] Based on the channel type information, the selection section 1203 outputs a transmission path estimation 
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preamble (known signal used by a communicating party for transmission path estimation) , the multiplex signal from 
spreading section 1202, orthe multiplex signal from spreading section 1204. 

[0121] An IFFT section 1205 generates an OFDM signal by performing IFFT processing using the transmission path 
estimation preamble or multiplex signal from the selection section 1203. The IFFT section 1205 then generates a 

5 multicast burst or retransmission request burst by performing predetermined transmission processing and so forth on 
the generated OFDM signal. The generated burst is transmitted to communicating parties via an antenna 1206. 
[01 22] Meanwhile, in the receiving system, an FFT section 1208 performs predetermined reception processing on 
a signal received by an antenna 1207 (received signal), and extracts the signal transmitted by each subcarrier by 
performing FFT processing using the received signal that has undergone predetermined reception processing. 

10 [01 23] A transmission path compensation section 1209 first generates a singie-sequence signal by performing P/S 
conversion processing on the signal transmitted by each subcarrier (plurality of sequences of signals). The transmission 
path compensation section 1209 also generates a post-transmission-path-compensation-processing signal by per- 
forming transmission path compensation processing on the generated single-sequence signal. A despreading section 
1210 generates a demodulated signal for each group by performing despreading processing on the post-transmission- 

15 path-compensation-processing signal using a spreading code specific to a group corresponding to this OFDM com- 
munication apparatus. This despreading section 1210 outputs the generated demodulated signal for each group to an 
error detection section 1211 and absolute value detection section 1212. 

[0124] The absolute value detection section 1212 detects the absolute value of the demodulated signal for each 
group, and outputs the detected absolute value to a size comparison section 1213. The size comparison section 1213 
20 compares the absolute value detected by the absolute value detection section 1 21 2 with a threshold value, and based 
on the result of the comparison, outputs a signal requesting retransmission of the group-related information signal 
received by this OFDM communication apparatus (hereinafter referred to as "retransmission signal") to a retransmission 
control section 1201. 

[0125] The error detection section 1211 performs error detection processing on each generated demodulated signal, 
25 and outputs the demodulated signal that has undergone error defection processing and a signal indicating the error 
detection result (hereinafter referred to as "error detection signal" ) to the retransmission control section 1201 . 
[01 26] Based on the error detection signal from the error detection section 1211. the retransmission control section 
1201 first outputs only a demodulated signal in which an error did not occur as a received signal. The retransmission 
control section 1201 also executes retransmission control in order to request the communicating party to retransmit 
30 an information signal corresponding to a demodulated signal in which an error occurred. Also, based on the retrans- 
mission signal from the size comparison section 1 21 3, the retransmission control section 1 201 executes retransmission 
control for performing retransmission of the information signal for which retransmission has been requested by a com- 
municating party. 

[0127] The operation of an OFDM communication apparatus that has the above configuration will now be described. 
35 The transmitting-side apparatus and receiving-side apparatuses are each provided with an OFDM communication 
apparatus as shown in FIG. 13. 

<Operation of transmitting system in transmitting-side apparatus> 

40 [0128] In FIG. 13, firstly, in the transmitting system in the transmitting-side apparatus, information signals for each 
group (here, as an example, information signals for group 1 through group 1 0) are output by the retransmission control 
section 1201 to spreading section 1202. Also, channel type information indicating that this OFDM communication 
apparatus is to transmit a multicast burst (a multicast burst containing a new information signal) is output from the 
retransmission control section 1201 to the selection section 1203. 

45 [0129] In spreading section 1202, information signals for group 1 through group 10 undergo spreading processing 
by means of a group-specific spreading code (information signal spreading code) (spreading ratio: k). Also, a multiplex 
signal is generated by multiplexing information signals for each group that have undergone spreading processing. The 
generated multiplex signal is output to the selection section 1203. 

[Q130] Based on the above-mentioned channel type information, a transmission path estimation preamble is output 
so from the selection section 1203 to the IFFT section 1205, followed by the multiplex signal from spreading section 1202. 
[0131] In the IFFT section 1205, IFFT processing is performed on the transmission path estimation preamble and 
multiplex signal from the selection section 1 203. Specifically, the transmission path estimation preamble and multiplex 
signal are first decomposed on a spreading-code-by-spreading-code (chip-by-chip) basis and converted to a number 
of sequences of signals equivalent to the spreading ratio (k).That is to say, the transmission path estimation preamble 
55 and multiplex signal are converted to a first chip through k th chip. Also, an OFDM signal in which each signal sequence 
is superimposed on a sequence-specific subcarrier is generated by performing IFFT processing on each signal se- 
quence. The IFFT processing will now be described in detail with reference to FIG. 14. FIG. 14 is a schematic diagram 
showing an example of the subcarrier arrangement at the time of multicast burst generation in an OFDM communication 
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apparatus according to Embodiment 5 of the present invention. As shown in FIG.14, an OFDM signal is generated by 
superimposing the first chip through kth chip in the multiplex signal on subcarrier 1 through subcarrier k, respectively. 
[0132] Following this, a multicast burst is generated by performing predetermined transmission processing on the 
generated OFDM signal. Specifically, as shown in FIG.7, a multicast burst is generated that contains a transmission 
5 path estimation preamble of a predetermined number of symbols and a multiplex signal of a predetermined number of 
symbols (here, datal and data2). The multicast burst generated in this way is transmitted to a plurality of receiving- 
side apparatuses corresponding to the multicast burst (here, receiving-side apparatuses corresponding to group 1 
through group 10) via antenna 1206. 

10 <Operation of receiving system in receiving-side apparatus> 

[0133] In the receiving system of a receiving-side apparatus that receives this multicast burst, the received signal 
from antenna 1207 first undergoes predetermined reception processing in the FFT section 120B. Then the signal trans- 
mitted by each subcarrier is extracted by performing FFT processing on the received signal that has undergone pre- 
15 determined reception processing. The signal transmitted by each subcarrier is output to the transmission path com- 
pensation section 1209, 

[01 34] In the transmission path compensation section 1209, a post-transmission-path-compensation-processing sig- 
nal is generated by performing transmission path compensation processing on the signals transmitted by each sub- 
carrier. Specifically, the signals transmitted by each subcarrier are converted from a plurality of sequences of signals 

20 to a single-sequence signal. Then transmission path estimation is performed using the signal corresponding to the 
transmission path estimation preamble in the single-sequence signal. Also, a post-transmission-path-compensation- 
processing signal is obtained by performing transmission path estimation on the signal corresponding to the multiplex 
signa! in the single-sequence signal, using the transmission path estimation result. The obtained post-transmission- 
path-compensation-processing signal is output to the despreading section 1210. 

25 [0135] In the despreading section 1210, despreading processing is performed on the post-transmission-path-com- 
pensation-processing signal using a spreading code specific to a group corresponding to this OFDM communication 
apparatus (information signal spreading code) (spreading ratio: k). By this means, demodulated signals for groups 
corresponding to this OFDM communication apparatus are generated. 

[0136] For example, if this OFDM communication apparatus corresponds to group 1 and group 10, despreading 
so processing is performed on the post-transmission-path-compensation-processing signal using a spreading code spe- 
cific to group 1 and a spreading code specific to group 10. By this means, demodulated signals are generated for group 
1 and group 1 0 respectively. The demodulated signals for each group generated by the despreading section 1210 are 
output to the error detection section 1211. 

[01 37] In the error detection section 1211, error detection processing (such as CRC, for example) is performed on 
35 each demodulated signal generated by the despreading section 1210. An error detection signal indicating the error 
detection result is output to the retransmission control section 1201 together with the demodulated signals generated 
by the despreading section 1210. 

[0138] in the retransmission control section 1201 , it is first determined whether or not an error occurred in the de- 
modulated signals for each group based on the error detection signal. If an error did not occur in a demodulated signal, 
40 that demodulated signal is output to latter-stage circuitry (not shown) as a received signal. If an error did occur in a 
demodulated signal, that demodulated signal is discarded, and retransmission control is executed in order to request 
the transmitting-side apparatus to retransmit the information signal corresponding to that demodulated signal. Details 
of the retransmission control are as follows. 

*s <Operation of transmitting system in receiving-side apparatus> 

[0139] Channel type information indicating transmission of a retransmission request burst is output from the retrans- 
mission control section 1201 to the selection section 1203 in the transmitting system of a receiving-side apparatus. In 
addition, a retransmission request signal is output to spreading section 1204, 

50 [0140] In spreading section 1204, spreading processing is performed on the retransmission request signal using a 
spreading code assigned specifically to a predetermined group (information signal spreading code) (spreading ratio: 
k). A predetermined group here is a group corresponding to a demodulated signal in which an error was detected by 
the error detection section 1211 in the receiving system. For example, if an error is detected by the error detection 
section 1211 in the demodulated signals for group 1 and group 10, spreading processing is performed on the retrans- 

55 mission request signal using the spreading code (retransmission request spreading code) specific to group 1 and the 
spreading code (retransmission request spreading code) specific to group 10. By this means, a first multiplex signal 
for group 1 and a first multiplex signal for group 1 0 are generated. Also, a multiplex signal (second multiplex signal) is 
generated by multiplexing the retransmission request signals (first multiplex signals) that have undergone spreading 
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processing. This multiplex signal is output to the selection section 1203. 

[0141] Based on channel type information from the retransmission control section 1201, a transmission path esti- 
mation preamble is output from the selection section 1203 to the IFFT section 1205, followed by the multiplex signal 
from spreading section 1204. 

[0142] In the IFFT section 1205, IFFT processing is performed on the transmission path estimation preamble and 
multiplex signal from the selection section 1203, and an OFDM signal is generated. By this means, a retransmission 
request burst is generated. This IFFT processing is similar to the IFFT processing in the transmitting-side apparatus 
described above. That is to say, as shown in FIG. 15, from time 0 to time T the transmission path estimation preamble 
first sequence through k th sequence are superimposed on subcarrier 1 through subcarrier k respectively, and from 
time T to time 2T the first chip through k th chip of the multiplex signal are superimposed on subcarrier 1 through 
subcarrier k respectively. The number of subcarriers used in IFFT processing by the IFFT section 1 205 (in this embod- 
iment, k) corresponds to the spreading ratio (in this embodiment, k) of a spreading code (retransmission request spread- 
ing code) used by spreading section 1204. 

[0143] This retransmission request burst generated by the IFFT section 1205 is transmitted to the transmitting-side 
apparatus via antenna 1206. This retransmission request burst contains at least one transmission path estimation 
preamble symbol and one multiplex signal symbol. This retransmission request burst is transmitted at a time common 
to all receiving-side apparatuses performing communication with the transmitting-side apparatus. In other words, all 
receiving-side apparatuses performing communication with the transmitting-side apparatus transmit a retransmission 
request burst at the same time. 

operation of receiving system in transmitting-side apparatus> 

[0144] In the receiving system of a transmitting-side apparatus that receives a retransmission request burst, the 
received signal from anten na 1 207 first undergoes the same kind of processing as in the receiving system of a receiving- 
side apparatus described above ; and is output to the transmission path cbmpensation section 1209. 
[0145] In the transmission path compensation section 1209, a post-transmission-path-compensation-processing sig- 
nal is generated by converting the plurality of sequences of signals to a single-sequence signal and performing trans- 
mission path compensation processing in the same way as in the receiving system of a receiving-side apparatus 
described above. This post-transmission-path-compensation-processing signal is output to the despreading section 
1210. 

[0146] In the despreading section 1210, despreading processing is performed on the post-transmission-path-com- 
pensation-processing signal using a spreading code (retransmission request spreading code) specific to each group 
(here, group 1 through group 1 0). By this means, demodulated signals for each group are generated. Absolute values 
are detected for the demodulated signals for each group by the absolute value detection section 1212. The detected 
absolute values of the demodulated signals for each group are output to the size comparison section 1213. 
[01 47] I n the size comparison section 1 21 3, the absolute values of demodulated signals for each group are compared 
with a threshold value. Here, the absolute value of a demodulated signal for a predetermined group is equivalent to 
the sum of the signal levels of retransmission request signals inserted in a retransmission request burst by receiving- 
side apparatuses corresponding to that group. Therefore, according to the absolute value of a demodulated signal for 
a predetermined group, it is possible to recognize how many receiving-side apparatuses among the receiving-side 
apparatuses corresponding to that predetermined group have requested retransmission of an information signal cor- 
responding to that predetermined group. 

[0148] In this embodiment, when the absolute value of a demodulated signal for a predetermined group is greater 
than or equal to a threshold value, it is recognized that one of the receiving-side apparatuses corresponding to that 
predetermined group has requested retransmission for that demodulated signal. Conversely, when the absolute value 
of a demodulated signal for a predetermined group is less than the threshold value, it is recognized that none of the 
receiving-side apparatuses corresponding to that predetermined group has requested retransmission for that demod- 
ulated signal. 

[0149] only when the absolute value of a demodulated signal for a predetermined group is greater than or equal to 
the threshold value, a retransmission signal for that predetermined group is output to the retransmission control section 
1201 by the size comparison section 1213. 

[0150] When a retransmission signal for a predetermined group is output to the retransmission control section 1201 , 
retransmission control is executed in order to perform retransmission of the information signal corresponding to that 
predetermined group. Details of the retransmission control are as follows. 

[0151] At the timing at which the OFDM communication apparatus transmits a multicast burst containing an infor- 
mation signai for retransmission, an information signal for a predetermined group (that is, an information signal for 
retransmission) is output from the retransmission control section 1201 to spreading section 1202. A predetermined 
group here is equivalent to a group corresponding to a demodulated signal in which an error was detected by the size 
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comparison section 1213 in the receiving system. 

[0152] Also, channel type information indicating that the OFDM communication apparatus is to transmit a multicast 
burst (a multicast burst containing an information signal for retransmission) is output from the retransmission control 
section 1201 to the selection section 1203. Thereafter, the same kind of processing is performed as in transmission 
5 of the above-described multicast burst (that is, a multicast burst containing a new information signal), and a multicast 
burst is transmitted to a plurality of receiving-side apparatuses via antenna 1206. 

[01 53] The actual effect of the above embodiment will now be briefly illustrated, taking as an example a case where 
the transmitting-side apparatus transmits a multicast burst containing a multiplex signal in which 10 kinds of information 
signals for groups are code-division-multiplexed to 100 receiving-side apparatuses corresponding to that multicast 

10 burst. With the conventional method, if errors occur in all the demodulated signals in all the receiving-side apparatuses, 
the transmitting-side apparatus can recognize retransmission requests from all the receiving-side apparatuses by re- 
ceiving 100 retransmission bursts. In this embodiment, on the other hand, thetransmitting-side apparatus can recognize 
retransmission requests from all the receiving-side apparatuses by receiving one retransmission burst. 
[0154] Moreover, even when the transmitting-side apparatus is affected by interference from another system or the 

?5 like at the time when the transmitting-side apparatus receives a retransmission request burst transmitted by a receiving- 
side apparatus, the effect of interference on the received signal for that retransmission request is greatly reduced by 
despreading processing on the received signal. As a result, it is possible to prevent a situation where a retransmission 
request is made by a receiving-side apparatus for a predetermined information signal but the transmitting-side appa- 
ratus erroneously determines that no such request has been made. 

20 [0155] On the other hand, in ordinary OFDM communications, it is difficult to discriminate between individual bursts 
when different simultaneously transmitted bursts are received. Thus, in ordinary OFDM communications, when a burst 
comprising a desired signal is affected by interferencefrom another system orthe like, it is difficult to prevent a situation 
where a retransmission request is made by a receiving-side apparatus but the transmitting-side apparatus erroneously 
determines that no such request has been made. 

25 [0156] Thus, in this embodiment, when retransmission is requested for a predetermined OFDM signal transmitted 
in common to a plurality of receiving-side apparatuses by the same transmitting-side apparatus, each receiving-side 
apparatus performs spreading processing on a predetermined signal using a spreading code specific to an information 
signal inserted in the above-mentioned predetermined OFDM signal, and then transmits to that transmitting-side ap- 
paratus a retransmission OFDM signal containing a predetermined signal that has undergone spreading processing, 

so at a time identical to the time of transmission of a retransmission OFDM signal by other receiving-side apparatuses. 
[0157] By this means, even if there are many receiving-side apparatuses for which an error occurs in a demodulated 
signal for an information signal inserted in the above-mentioned predetermined OFDM signal, these receiving-side 
apparatuses can issue a retransmission request for an information signal inserted in the predetermined OFDM signal 
to the above-mentioned transmitting-side apparatus by means of one retransmission OFDM signal. Moreover, as these 

35 receiving-side apparatuses all transmit a retransmission OFDM signal at a time identical to the time of transmission of 
a retransmission OFDM signal by all receiving-side apparatuses, the transmitting-side apparatus can recognize re- 
transmission requests from all the receiving-side apparatuses by receiving one retransmission OFDM signal. 
[01 58] Aiso, in this embodiment, a group-specific spreading code is assigned to a group of receiving-side apparatuses 
that receive the same information signal, and furthermore, when requesting retransmission for a predetermined infor- 

40 mation signal continued in an OFDM signal, a receiving-side apparatus performs spreading processing on a predeter- 
mined signal using a spreading code specific to a group corresponding to the above-mentioned predetermined infor- 
mation signal, and generates a retransmission OFDM signal that contains a predetermined signal that has undergone 
spreading processing. Therefore, the transmitting-side apparatus can recognize for which of information signals con- 
tained in a predetermined OFDM signal a retransmission request has been issued by performing despreading process- 
es ing using each spreading code on a received signal for a retransmission request OFDM signal and generating a de- 
modulated signal for each group, and using the level of the generated demodulated signals for each group. 
[0159] As described above, in this embodiment, the time occupied by a retransmission OFDM signal in the same 
frame does not vary even if the number of receiving-side apparatuses for which an error occurs in the demodulated 
signal for an information signal inserted in an above-described OFDM signal increases. In other words, thetransmitting- 

so side apparatus can recognize retransmission requests for a predetermined OFDM signal by all the receiving-side ap- 
paratuses for an information signal inserted in a predetermined OFDM signal by receiving one retransmission OFDM 
signal. Thus, according to this embodiment, it is possible to achieve both an Improvement in information signal trans- 
mission efficiency and an improvement in demodulated signal error rate characteristics. 

55 (Embodiment 6) 

[01 60] In this embodiment, a case is described in which the signal level (amplitude) of a multiplex signal inserted in 
a retransmission request burst is made higher than the information signal level in Embodiment 5. 
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[0161] When the signal to thermal noise ratio for a retransmission request burst is low due to poor channel quality 
or the like ; the quality of a demodulated signal for that retransmission request burst deteriorates, and therefore the 
possibility increases of the transmitting-side apparatus erroneously determining that a retransmission request has not 
been made (has been made) by a receiving-side apparatus for a predetermined information signal when such a re- 

s transmission request has been made (has not been made). In this embodiment, therefore, in a receiving-side apparatus 
the signal level of a multiplex signal inserted in a retransmission request burst (that is, a signal in which retransmission 
request signals spread by means of spreading codes specific to each group are multiplexed) is made higher than the 
signal level of an information signal, transmission path estimation preamble, or the like, inserted in a multicast burst. 
By this means, it is possible to improve the signal to thermal noise ratio for a retransmission request burst in the 

10 transmitting-side apparatus. 

[0162] The configuration of an OFDM communication apparatus according to Embodiment 6 of the present invention 
is described below with reference to FIG.1 6. FIG.1 6 is a block diagram showing the configuration of an OFDM com- 
munication apparatus according to Embodiment 6 of the present invention. Parts in FIG.1 6 identical to those in Em- 
bodiment 5 (FIG. 13) are assigned the same codes as in FIG. 13 and their detailed explanations are omitted. An OFDM 

15 communication apparatus according to this embodiment has a configuration wherein a multiplication section 1501 is 
added to the configuration of an OFDM communication apparatus according to Embodiment 5. 
[01 63) The multiplication section 1501 increases the signal ievel of a multiplex signal from a spreading section 1204 
by multiplying this multiplex signal by a coefficient. Increasing the signal level of the multiplex signal is equivalent to 
increasing the level of each retransmission request signal that undergoes spreading processing by spreading section 

20 1204. This coefficient is determined as appropriate so that the transmitting-side apparatus can reliably recognize a 
retransmission request for an information signal for a predetermined group in a predetermined communication envi- 
ronment. In this embodiment a multiplex signal generated by spreading section 1 204 is multiplied by a coefficient, but 
it is also possible for each retransmission request signal that undergoes spreading processing by spreading section 
1204 to be multiplied by a coefficient, and for a multiplex signal in which the retransmission request signals that have 

25 undergone spreading processing and have been multiplied by the coefficient are multiplexed to be sent to a selection 
section 1203. 

[0164] Thus, according to this embodiment, the signal to thermal noise ratio for a retransmission request burst in a 
transmitting-side apparatus can be improved by making the signal level (amplitude) of a multiplex signal inserted in 
the retransmission request burst higherthan the information signal level. By this means, the transmitting-side apparatus 
30 can recognize a retransmission request for a predetermined information signal more reliably. 

(Embodiment 7) 

[0165] In this embodiment a case is described in which, when retransmission of an information signal for a prede- 
35 termined group is requested in Embodiment 5, spreading processing is performed on a retransmission request signal 
using a plurality of spreading codes specific to the above-mentioned predetermined group, and a multiplex signal to 
be inserted in a retransmission request burst is generated. 

[0166] In a multipath environment, inter-code interference may occur between a signal corresponding to a multiplex 
signal in a received signal for a retransmission request burst and a signal corresponding to a transmission path esti- 
40 mation preamble in that received signal. In a multipath environment, also, as shown in FIG.3, the reception levels of 
signals transmitted by all subcarriers are not identical, and the reception level of the signal transmitted by a particular 
subcarrier (subcarrier203) may fall significantly below the reception levels of signals transmitted by other subcarriers 
(subcarrier 201 and subcarrier 202). 

[0167] The occurrence of this kind of deviation in level between signals transmitted by different subcarriers is equiv- 
45 alentto the occurrence of deviation in level between chips in a received signal (more specifically, a post-transmission- 
path-compensation-processing signal). As a result, orthogonality between spreading codes is lost in the received signal, 
and the mutual correlation level between spreading codes increases. As the mutual correlation level between spreading 
codes in a received signal increases, so does the possibility that the transmitting-side apparatus will erroneously de- 
termine that retransmission of an information signal for a predetermined group has been requested by a receiving-side 
50 apparatus when no such request has been made, and will transmit this information signal to receiving-side apparatuses 
corresponding to that group. 

[0168] The extent to which orthogonality between spreading codes is lost differs according to the spreading codes. 
For example, to take the example of two spreading codes, spreading code 1 and spreading code 2, the mutual corre- 
lation level between the spreading codes will be greater or smaller according to the types of spreading code 1 and 
55 spreading code 2. 

[0169] In this embodiment, therefore, when requesting retransmission of an information signal for a predeterminec 
group, a receiving-side apparatus generates a multiplex signal to be inserted in a retransmission request burst by 
performing spreading processing on a retransmission request signal using a plurality of spreading codes (in this em- 
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bodimenl, two spreading codes) specific to that predetermined group. The transmitting-side apparatus generates a 
demodulated signal for the above-mentioned group for each spreading code by performing despreading processing 
using the spreading codes corresponding to the received signal for a retransmission request burst. Following this, the 
transmitting-side apparatus retransmits an information signal for the above-mentioned predetermined group only if the 
5 levels of demodulated signals for a predetermined number of spreading codes (in this embodiment, two spreading 
codes) from among all spreading codes (in this embodiment, two spreading codes ) are greater than or equal to a 
threshold value. 

[0170] By this means, it is possible to prevent a situation where the transmitting-side apparatus erroneously deter- 
mines that retransmission of an information signal for a predetermined group has been requested by a receiving-side 
10 apparatus when no such request has been made, and transmits this information signal to receiving-side apparatuses 
corresponding to that group. 

[0171] FIG, 17 is a block diagram showing the configuration of an OFDM communication apparatus according to 
Embodiment 7 of the present invention. Parts in FIG.1 7 identical to those in Embodiments (FIG. 13) are assigned the 
same codes as in FIG.1 3 and their detailed explanations are omitted. 
15 [0172] An OFDM communication apparatus according to this embodiment has a configuration wherein a spreading 
section 1601 and addition section 1602 are added to the configuration of an OFDM communication apparatus according 
to Embodiments, and despreading section 1210, absolute value detection section 1212, and size comparison section 
1213 are replaced respectively by a despreading section 1603, absolute value detection section 1604, and size com- 
parison section 1605. 

20 

•sOperation of transmitting system in receiving-side apparatus> 

[0173] Spreading processing is performed on a retransmission request signal using spreading codes specific to a 
predetermined group. 

25 [0174] In spreading section 1601 , spreading processing is first performed on a retransmission request signal using 
spreading codes (spreading ratio: k) specific to each group. The spreading codes used here are different from those 
used in spreading section 1204. Also, a multiplex signal is generated by multiplexing retransmission request signals 
for each group that have undergone spreading processing. The generated multiplex signal is added to a multiplex 
signal generated by spreading section 1204. By this means, a new multiplex signal (second multiplex signal) is gen- 

30 erated and output to a selection section 1203. 

[0175] If a "first multiplex signal" is assumed to be a multiplex signal for one group, the "second multiplex signal" 
generated by the addition section 1602 is equivalent to a signal obtained by multiplexing first multiplex signals for all 
groups. A first multiplex signal for one group is equivalent to a signal generated by multiplexing retransmission request 
signals spread by means of spreading codes specific to that group. 

35 

<Operation of receiving system in transmitting-side apparatus> 

[0176] In the despreading section 1603, despreading processing is performed on a post-transmission-path-compen- 
sation-processing signal using a plurality of spreading codes specific to each group. By this means, a demodulated 

40 signal for each group is obtained for each spreading code. Absolute values are detected bythe absolute value detection 
section 1604 for the demodulated signals for each group obtained for each spreading code. In the size comparison 
section 1605, a comparison of the absolute values of demodulated signals for each group with a threshold value is 
performed for each spreading code. That is to say, to consider a predetermined group, a retransmission signal for that 
predetermined group is output to a retransmission control section 1201 only if the absolute values of demodulated 

45 signals for each spreading code are all greater than or equal to the threshold value. 

[0177] In this embodiment, a case has been described in which a receiving-side apparatus performs spreading 
processing on a retransmission request signal using two spreading codes specific to each group, and the transmitting- 
side apparatus performs despreading processing using two spreading codes specific to each group, and retransmits 
an information signal for a predetermined group only when the absolute values of demodulated signals fortwo spreading 

so codes are greater than or equal to a threshold value for that predetermined group. If a receiving-side apparatus here 
performs spreading processing on a retransmission request signal using three or more spreading codes specific to 
each group, the transmitting-side apparatus may retransmit an information signal for a predetermined group only when 
the absolute values of demodulated signals for a predetermined number of spreading codes among demodulated 
signals for all spreading codes are all greater than or equal to a threshold value for that predetermined group. 

55 [01 78] Thus, in this embodiment, when retransmission of an information signal for a predetermined group is request- 
ed, spreading processing is performed on a retransmission request signal using a plurality of spreading codes specific 
to that predetermined group, and a multiplex signal to be inserted in a retransmission request burst is generated. By 
this means, the transmitting-side apparatus can recognize a retransmission request for a predetermined information 
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signal by a receiving-side apparatus reliably even in a multipath environment. 

(Embodiment 8) 

5 [01 79] In this embodiment a case is described in which, in Embodiment 5, the spreading ratio of a spreading code 
used for multiplex signal generation in a retransmission request burst is made smaller than the spreading ratio of a 
spreading code used for multiplex signal generation in a multicast burst. 

[0180] As spreading codes that can be used are limited, when an extremely large number of users are performing 
communication it may become difficult to assign a sufficient number of spreading codes for multiplex signal generation 

10 in a retransmission request burst. 

[0181] In this embodiment, therefore, the spreading ratio of a spreading code used for multiplex signal generation 
in a retransmission request burst is made smaller than the spreading ratio of a spreading code used for multiplex signal 
generation in a multicast burst. That is to say, if the spreading ratio of a spreading code used for multiplex signal 
generation in a retransmission request burst is 64, the spreading ratio of a spreading code used for multiplex signal 

15 generation in a multicast burst may be made 32, for example. 

[01 82] By this means, it is possible to improve error rate characteristics for a retransmission request burst with scarce- 
ly any fall in information signal transmission efficiency even when spreading codes used for multiplex signal generation 
in a retransmission request burst cannot be adequately secured for a reason such as an extremely large number of 
communicating users. 

20 [0183] FIG. 18 is a block diagram showing the configuration of an OFDM communication apparatus according to 
Embodiment 8 of the present invention. Parts in FIG. 18 identical to those in Embodiment 5 (FIG. 13) are assigned the 
same codes as in FIG. 13 and their detailed explanations are omitted. 

[0184] An OFDM communication apparatus according to this embodiment has a configuration wherein spreading 
section 1204, IFFT section 1205, FFT section 1208, and bespreading section 1210 in an OFDM communication ap- 
ss paratus according to Embodiment 5 are replaced respectively by a spreading section 1701 , IFFT section 1702, FFT 
section 1703, and despreading section 1704. 

<Operation of transmitting system in receiving-side apparatus> 

30 [0185] In spreading section 1701, spreading processing is performed on a retransmission request signal using a 
spreading code specific to each group. The spreading code used here (here assumed to be k/2, but any setting is 
possible) has a smaller spreading ratio than the spreading code in spreading section 1202. Apart from this, the same 
kind of processing is performed as in spreading section 1204 in Embodiment 5, 

[0186] In the I FFT section 1702, the same kind of processing is performed as in the IFFT section 1205 in Embodiment 
35 5, except for the following point. Namely, in the IFFT section 1702, a transmission path estimation preamble and mul- 
tiplex signal from a selection section 1203 are first converted from a single-sequence signal to a number of sequences 
of signals equivalent to the spreading ratio (k/2). That is to say, the transmission path estimation preamble and multiplex 
signal are converted to a first chip through k/2 th chip. Also, as shown in FIG. 19, an OFDM signal is generated by 
superimposing the first chip through k/2 th chip in the transmission path estimation preamble and multiplex signal on 
40 subcarrier 1 through subcarrier k/2, respectively. 

<Operation of receiving system in transmitting-side apparatus> 

[0187] In the FFT section 1703, the same kind of processirg is performed as in the FFT section 1208 in Embodiment 
45 5, except for the following point. Namely, in the FFT section 1703, signals transmitted by subcarrier 1 through subcarrier 
k/2 are extracted by means of FFT processing using the received signal. 

[0188] In the despreading section 1704, the same kind of processing is performed as in the despreading section 
1210 in Embodiment 5, except for the following point. Namely, in the despreading section 1 704, despreading processing 
is performed on a post-transmission-path-compensation-processing signal using a spreading code that has the same 

so spreading ratio as in above-described spreading section 1701 . 

[0189] According to this embodiment as described above, since a spreading code used when generating a multiplex 
signal to be inserted in a retransmission request burst has a smaller spreading ratio than a spreading code used when 
generating a multiplex signal to be inserted in a multicast burst, the number of subcarriers in IFFT processing can be 
reduced. By this means, the transmission level of a retransmission request burst can be reduced, and thus peak power 

55 when transmitting a retransmission request burst can be reduced. 

[01 90] Also, by making the spreading ratio of a spreading code used in spreading processing smaller, it is possible 
to make the transmission level of a multiplex signal to be inserted in a retransmission request burst larger than the 
transmission level of a multiplex sigral to be inserted in a multicast burst, since transmission power is constant. As a 
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result, when the signal to thermal noise ratio for a retransmission request burst is low, the signal to thermal noise ratio 
for a retransmission request burst can be improved by increasing the transmission level of a multiplex signal to be 
inserted in the retransmission request burst. 

[01 91 J Thus, according to this embodiment, by making the spreading ratio of a spreading code used for multiplex 
s signal generation in a retransmission request burst smaller than the spreading ratio of a spreading code used for 
multiplex signal generation in a multicast burst, it is possible to improve error rate characteristics for a retransmission 
request burst with scarcely any fall in information signal transmission efficiency even when spreading codes used for 
multiplex signal generation in a retransmission request burst cannot be adequately secured for a reason such as an 
extremely large number of communicating users. 

10 

(Embodiment 9) 

[0192] In this embodiment a case is described in which, in Embodiment 5, not only ordinary subcarriers on which a 
multiplex signal is superimposed but also specific subcarriers on which a null signal is superimposed are used as 

15 subcarriers in IFFT processing at the time of retransmission request burst generation, 

[0193] When multipath delay time is short, the reception level of signals transmitted by subcarriers on which a mul- 
tiplex signal is superimposed falls, and consequently the signal to thermal noise ratio for a retransmission request burst 
may become extremely low. As a result, the possibility increases of the transmitting-side apparatus erroneously deter- 
mining that a retransmission request has not been made (has been made) by a receiving-side apparatus for a prede- 

so termined information signal when such a retransmission request has been made (has not been made). 

[0194] In this embodiment, therefore, a null signal is superimposed on specific subcarriers provided separately from 
ordinary subcarriers on which a multiplex signal is superimposed in inverse Fourier transform processing. Specifically, 
as shown in FIG.20, specific subcarriers (in FIG. 20, subcarrier2, subcarrier k, etc.) are first selected on an every-other- 
subcarrier basis from among subcarriers 1 through k. It goes without saying that any specific subcarriers can be selected 

25 from among all the subcarriers. Then a null signal is superimposed on the selected specific subcarriers, and a multiplex 
signal is superimposed on ordinary subcarriers (subcam'ers excluding the specific subcarriers) from among all the 
subcarriers. 

[01 95] As a result, whereas the retransmission request burst frequency band when specific subcarriers are not pro- 
vided is a frequency band corresponding to k/2 subcarriers (that is, a frequency band corresponding to k/2 ordinary 

so subcarriers), the retransmission request burst frequency band in this embodiment is extended by a frequency band 
equivalent to the specific subcarriers (that is, a frequency band corresponding to k/2 specific subcarriers). As the 
frequency band of a retransmission request OFDM signal is increased in this way, it is possible to prevent the reception 
level of signals transmitted by all ordinary subcarriers from falling significantly in the transmitting-side apparatus due 
to the fact that the multipath delay time is short. It is thus possible to improve the signal to thermal noise ratio for a 

35 retransmission request burst in the transmitting-side apparatus. 

[01 96] FIG.21 is a block diagram showing the configuration of an OFDM communication apparatus according to 
Embodiment 9 of the present invention. Parts in FIG.21 identical to those in Embodiment 5 (FIG. 13) are assigned the 
same codes as in FIG. 13 and their detailed explanations are omitted. 

[0197] An OFDM communication apparatus according to this embodiment has a configuration wherein a P/S con- 
40 version section 2001 , S/P conversion section 2002, and selection section 2003 are added to the configuration of an 
OFDM communication apparatus according to Embodiment 1. 

<Operation of transmitting system in receiving-side apparatus> 

45 [0198] A null signal (for example, a signal whose amplitude is 0) and a multiplex signal from a spreading section 
1204 are input to the P/S conversion section 2001 . In the P/S conversion section 2001 , P/S conversion processing is 
performed on the null signal and multiplex signal so that the multiplex signal is superimposed as appropriate on ordinary 
subcarriers, and the null signal is superimposed as appropriate on specific subcarriers, in IFFT processing by an iFFT 
section 1205. Signals that have undergone P/S conversion processing are output to a selection section 1203. 

50 

<Opcration of receiving system in transmitting-side apparatus> 

[0199] A post-transmission-path-compensation-processing signal from transmission path compensation section 
1209 is output directly to selection section 2003, and is also output to selection section 2003 after undergoing S/P 
55 conversion processing by the S/P conversion section 2002. In this way, a signal corresponding to a null signal in the 
post-transmission-path-compensation-processing signal and a signal corresponding to a multiplex signal in the post- 
transmission-path-compensation-processing signal are output to selection section 2003. A signal corresponding to a 
multiplex signal In the post-transmission-path-compensation-processing signal is selected by the selection section and 
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output to a despreading section 1210. 

[0200] Thus, according to this embodiment, the frequency band of a retransmission request OFDM signal is increased 
by superimposing a null signal instead of a multiplex signal on specific subcarriers from among all the subcarriers, 
thereby making it possible to prevent the reception level of signals transmitted by ail ordinary subcarriers from falling 
5 significantly in the transmitting-side apparatus due to the fact that the multipath delay time is short. It is thus possible 
to improve the signal to thermal noise ratio for a retransmission request burst in the transmitting-side apparatus. 

(Embodiment 10) 

10 [0201] In this embodiment a case is described in which multiplex signals for different groups are superimposed on 
group-specific subcarriers in a retransmission request burst. 

[0202] When there are a large number of groups, the number of spreading codes multiplexed in a multiplex signal 
may also be very large, in this case, loss of orthogonality between spreading codes increases, and so do mutual 
correlation components between spreading codes. There is therefore a greater possibility of the transmitting-side ap- 
15 paratus erroneously determining that a retransmission request has not been made (has been made) by a receiving- 
side apparatus for a predetermined information signal when such a retransmission request has been made (has not 
been made), 

[0203] In this embodiment, therefore, instead of a multiplex signal for a specific information signal (that is, the first 
multiplex signal for a predetermined group) being superimposed on specific subcarriers from among all the subcarriers 
20 in inverse Fourier transform processing, a multiplex signal for an information signal other than that specific information 
signal (that is, the first multiplex signal for a group other than that predetermined group) is superimposed, as shown 
in FIG.22. This is equivalent to superimposing the first multiplex signal for a predetermined group on subcarriers specific 
to the above-mentioned group. 

[0204] Specifically as shown in FIG.22, specific subcarriers (in FIG.22, subcarrier 2, subcarrier k, etc.) are first 
25 selected on an every-other-subcarrier basis from among subcarriers 1 through k. It goes without saying that any specific 
subcarriers can be selected from among all the subcarriers. Then a multiplex signal for a predetermined information 
signal (predetermined group) is superimposed on the selected specific subcarriers, and a multiplex signal for an infor- 
mation signal other than that predetermined information signal (a different group for that predetermined group) is su- 
perimposed on ordinary subcarriers (subcarriers excluding the specific subcarriers) from among all the subcarriers. 
30 That is to say, the first multiplex signal for the above-mentioned predetermined group is superimposed on subcarriers 
specific to that predetermined group (that is, specific subcarriers), and a multiplex signal for a different group from that 
predetermined group is superimposed on subcarriers specific to the above-mentioned different group (that is, ordinary 
subcarriers). 

[0205] By this means, the number of multiplexings of a predetermined spreading code inserted in a retransmission 
35 request burst can be halved, and it is therefore possible to prevent a situation in which the transmitting-side apparatus 
erroneously determines that a retransmission request has not been made (has been made) by a receiving-side appa- 
ratus for a predetermined information signal when such a retransmission request has been made (has not been made) , 
[0206] FIG.23 is a biock diagram showing the configuration of an OFDM communication apparatus according to 
Embodiment 10 of the present invention. Parts in FIG.23 identical to those in Embodiments (FIG. 13) are assigned the 
40 same codes as in FIG. 1 3 and their detailed explanations are omitted. 

[0207] An OFDM communication apparatus according to this embodiment has a configuration wherein a P/S con- 
version section 2201 , S/P conversion section 2202, P/S conversion section 2203, and selection section 2204 are added 
to the configuration of an OFDM communication apparatus according to Embodiment 1 . 

45 <Operation of transmitting system in receiving-side apparatus> 

[0208] A multiplex signal from a spreading section 1204 and a null signal (a signal whose amplitude is 0) are input 
to P/S conversion section 2201 . The multiplex signal from spreading section 1204 and the null signal undergo P/S 
conversion processing by P/S conversion section 2201 . In this conversion processing, a multiplex signal for a prede- 
50 termined information signal (hereinafter referred to as "first multiplex signal") and a multiplex signal for an information 
signal other than that predetermined information signal (hereinafter referred to as "second multiplex signal") are su- 
perimposed as appropriate on ordinary subcarriers and specific subcarriers, as shown in FIG.22. 

<Operation of receiving system in transmitting-side apparatus> 

55 

[0209] When this OFDM communication apparatus receives a retransmission request burst, a post-transmission- 
path-compensation-processing signal is output to the S/P conversion section 2202 The post-transmission-path-com- 
pensation-processing signal is converted from a single-sequence signal to a plurality of sequences of signals by the 
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S/P conversion section 2202, than the plurality of sequences of signals are converted to a single-sequence signal by 
P/S conversion section 2203, and this signal is output to selection section 2204. In this way. a post-transmission-path- 
compensation-processing signal for a signal transmitted by ordinary subcarriers is output to selection section 2204. 
followed by a post-transmission-path-compensation-processing signal for a sigral transmitted by specific subcarriers. 
5 [0210] The signals after transmission path compensation processing for ordinary subcarriers and specific subcarri- 
ers, respectively, are then used in the above-described processing by a despreading section 1210, absolute value 
detection section 1212, and size comparison section 1213. 

[0211] Thus, according to this embodiment, the number of multiplexings of a predetermined spreading code inserted 
in a retransmission request burst can be halved by superimposing the first multiplex signal for a predetermined group 
10 on subcarriers specific to that predetermined group (that is, superimposing the first multiplex signal for a different group 
on group-specific subcarriers in a retransmission request burst), thereby making it possible to prevent a situation in 
which the transmitting-side apparatus erroneously determines that a retransmission request has not been made (has 
been made) by a receiving-side apparatus for a predetermined information signal when such a retransmission request 
has been made (has not been made). 

(Embodiment 11) 

[0212] In this embodiment a case is described in which, in Embodiment 5, an identical spread signal (chip) in a 
multiplex signal is superimposed on a plurality of subcarriers specific to a spreading code. 

20 [0213] In a multipath environment, as described in Embodiment 7, the occurrence of level deviation between chips 
in a received signal (more specifically, a post-transmission-path-compensation-processing signal) leads to loss of or- 
thogonality between spreading codes in the received signal and an increase in the mutual correlation level between 
spreading codes. As the mutual correlation level between spreading codes in a received signal increases, so does the 
possibility that the transmitting-side apparatus will erroneously determine that retransmission of an information signal 

25 for a predetermined group has been requested by a receiving-side apparatus when no such request has been made, 
and will transmit this information signal to receiving-side apparatuses corresponding to that group. 
[0214] In this embodiment, therefore, an identical spread signal (chip) in a multiplex signal (second multiplex signal) 
is superimposed on a plurality of subcarriers specific to a spreading code. In this embodiment, an identical spread 
signal (chip) in a multiplex signal is superimposed on two subcarriers separated by a frequency interval corresponding 

so to (total number of subcarriers/2), as shown in FIG.24. As regards the subcarriers on which an identical spread signal 
is superimposed, it goes without saying that as long as the condition that a predetermined spread signal is superim- 
posed on subcarriers specific to that predetermined spread signal is satisfied, any settings can be made for the number 
of subcarriers on which that predetermined spread signal is superimposed, the frequency interval between those sub- 
carriers, and so forth. 

35 [0215] By this means, it is possible to prevent the occurrence of ievel deviation between chips in a received signal 
due to the effects of multipath propagation, and so to prevent loss of orthogonality between spreading codes in the 
received signal. As a result, it is possible to reduce the possibility of the transmitting-side apparatus erroneously de- 
termining that retransmission of an information signal for a predetermined group has been requested by a receiving- 
side apparatus when no such request has been made, and transmitting this information signal to receiving-side appa- 

40 ratuses corresponding to that group. 

[0216] FIG.25 is a block diagram showing the configuration of-an OFDM communication apparatus according to 
Embodiment 11 of the present invention. Parts in FIG.25 identical to those in Embodiments (FIG. 13) are assigned the 
same codes as in FIG. 13 and their detailed explanations are omitted. 

[0217] An OFDM communication apparatus according to this embodiment has a configuration wherein a delay section 
*s 2401 , P/S conversion section 2402, DIV selection section 2403, and selection section 2404 are added to the configu- 
ration of an OFDM communication apparatus according to Embodiment 5, and a transmission path compensation 
section 2405 is used instead of transmission path compensation section 1209. 

<Operation of transmitting system in receiving-side apparatus> 

[0218] Amultiplex signal is output from a spreading section 1204tothe delay section 2401 and P/S conversion section 
2402. A multiplex signal delayed by a predetermined time by the delay section 2401 is output to the P/S conversion 
section 2402. 

[0219] in the P/S conversion section 2402, P/S conversion processing is performed on the multiplex signal and the 
55 multiplex signal delayed by a predetermined time so that an identical spread signal (chip) in the multiplex signal is 
superimposed as appropriate on two subcarriers, as shown in FIG.24. A multiplex signal that has undergone P/S 
conversion is output to a selection section 1203. 
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<Operation of receiving system in transmitting-side apparatus> 

[0220] I n the transmission path compensation section 2405, signals transmitted by the above-mentioned subcarriers 
are converted from a plurality of sequences of signals to a single-sequence signal and undergo transmission path 

5 compensation processing, thereby generating a post-transmission-path-compensation-processing signal. This post- 
transmission-path-compensation-processing signal is output to the DIV selection section 2403 and selection section 
2404, The reception amplitude of the generated single-sequence signal is also detected by the transmission path 
compensation section 2405. Asignal indicating this reception amplitude is also output to the DIV selection section 2403. 
[02211 In the DIV selection section 2403, a sub-carrier whose transmitted signal level is higher is selected from one 

10 and the other of the subcarriers on which the identical spread signal has been superimposed, and the post-transmission- 
path-compensation-processing signal for the signal transmitted by the selected subcarrier is output to selection section 
2404. 

[0222] FIG 26 is a block diagram showing the configuration of the DIV selection section 2403 in an OFDM commu- 
nication apparatus according to Embodiment 1 1 of the present invention. In FIG. 26, the post-transmission-path-com- 

15 pensation-processing signal is output directly to a selection section 2501 , and is also output to the selection section 
2501 after being delayed by a predetermined time by a delay section 2502. By this means, a post-transmission-path- 
compensation-processing signal for the signal transmitted by one of the subcarriers on which an identical spread signal 
has been superimposed (hereinafter referred to as "first subcarrier") (for example, subcarrier 1 in FIG.24) and a post- 
transmission-path-compensation-processing signal for the signal transmitted by the other of the above subcarriers 

20 (hereinafter referred to as "second subcarrier") (for example, subcarrier k/2+1 in FIG.24) are output to the selection 
section 2501 , Meanwhile, the signal indicating the reception amplitude is output directly to a size comparison section 
2503, and is also output to the size comparison section 2503 after being delayed by a predetermined time by a delay 
section 2504. By this means, a signal indicating the reception amplitude of the signal transmitted by the first subcarrier 
and a signal indicating the reception amplitude of the signal transmitted by the second subcarrier are output to the size 

25 comparison section 2503. 

[0223] In the size comparison section 2503, the reception amplitude of the signal transmitted by the first subcarrier 
and the reception amplitude of the signal transmitted by the second subcarrier are compared. The result of the com- 
parison is output to the selection section 2501 . 

[0224] In the selection section 2501, the subcarrier whose transmit signal has the higher reception amplitude is 
30 selected from the first subcarrier and second subcarrier, using the result of the comparison by the size comparison 
section 2503, and the post-transmission-path-compensation-processing signal for the signal transmitted by the select- 
ed subcarrier is output to selection section 2404. 

[0225] In selection section 2404, the post-transmission-path-compensation-processing signal from the DIV selection 
section 2403 (transmission path compensation section 2405) is selected as the signal to be output to a despreading 

35 section 1210 when this OFDM communication apparatus receives a retransmission request burst (multicast burst). 
[0226] Thus, according to this embodiment, it is possible to prevent the occurrence of level deviation between chips 
in a received signal due to the effects of multipath propagation, and so to prevent loss of orthogonality between spread- 
ing codes in the received signal, by superimposing an identical spread signal (chip) in a multiplex signal on a plurality 
of subcarriers. As a result, it is possible to reduce the possibility of the transmitting-side apparatus erroneously deter- 

40 mining that retransmission of an information signal for a predetermined group has been requested by a receiving-side 
apparatus when no such request has been made, and transmitting this information signal to receiving-side apparatuses 
corresponding to that group. 

(Embodiment 12) 

45 

[0227] In this embodiment a case is described, with reference to FIG.27, in which a retransmission request for a 
predetermined information signal is recognized using a signal obtained by equal-gain combining of the signals trans- 
mitted by the subcarriers on which an identical spread signal is superimposed in Embodiment 11 . FIG.27 is a block 
diagram showing the configuration of an OFDM communication apparatus according to Embodiment 12 of the present 
so invention. Parts in FIG.27 identical to those in Embodiment 11 (FIG.25) are assigned the same codesas in FIG. 25 and 
their detailed explanations are omitted. 

[0228] An OFDM communication apparatus according to this embodiment has a configuration wherein a DIV com- 
bining section 2601 is used instead of DIV selection section 2403 in an OFDM communication apparatus according to 
Embodiment 11 . FIG.2B is a block diagram showing the configuration of the DIV selection section in an OFDM com- 
55 munication apparatus according to Embodiment 12 of the present invention. Parts in FIG. 28 identical to those in 
Embodiment 11 (FIG.26) are assigned the same codes as in FIG.26 and their detailed explanations are omitted. 
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<Operation of receiving system in transmitting-side apparatus> 

[0229] In the DIV combining section 2601 , post-transmission-path-compensation-processing signals for signals 
transmitted by a first subcarrier and second subcarrier are first multiplied by the reception amplitude of the signal 

s transmitted by the first subcarrier and second subcarrier, respectively. These post-transmission-path-compensation- 
processing signals multiplied by the respective reception amplitudes are then added. The post-transmission-path- 
compensation-processing signal obtained by this addition is output to a selection section 2404. 
[0230] More specifically, a post-transmission-path-compensation-processing signal is output directly to a multiplica- 
tion section 2701 , and is also output to a multiplication section 2702 after being delayed by a predetermined time by 

10 a delay section 2502. Also, a signal indicating the reception amplitude is output directly to multiplication section 2701 , 
and is also output to multiplication section 2702 after being delayed by a predetermined time by a delay section 2504. 
[0231] By this means, a post-transmission-path-compensation-processing signal for the signal transmitted by the 
first subcarrier and a signal indicating the reception amplitude of the signal transmitted by the first subcarrier are output 
to multiplication section 2701. In this multiplication section 2701, the above post-transmission-path-compensation- 

15 processing signal is multiplied by the above signal indicating the reception amplitude. The post-transmission-path- 
compensation-processing signal multiplied by the reception amplitude in multiplication section 2701 is output to an 
addition section 2703. Also, a post-transmission-path-compensation-processing signal for the signal transmitted by 
the second subcarrier and a signal indicating the reception amplitude of the signal transmitted by the second subcarrier 
are outputto a multiplication section 2702. In this multiplication section 2702, the above demodulated signal is multiplied 

20 by the above signal indicating the reception amplitude. The post-transmission-path-compensation-processing signal 
multiplied by the reception amplitude in multiplication section 2702 is output to the addition section 2703. In the addition 
section 2703, the post-transmission-path-compensation-processing signals multiplied by the respective reception am- 
plitudes are added. The demodulated signal obtained by this addition is output to selection section 2404. 
[0232] Thus, according to this embodiment, a retransmission request for a predetermined information signal is rec- 

ss ognized using a signal obtained by equal-gain combining of signals transmitted by subcarriers on which an identical 
spread signal is superimposed. By this means, the transmitting-side apparatus can recognize a retransmission request 
for an information signal more reliably than in the case of Embodiment 11 . 

(Embodiment 13) 

30 

[0233] In this embodiment a case is described in which a retransmission request for a predetermined information 
signal is recognized using a signal obtained by maximal-ratio combining of the signals transmitted by the subcarriers 
on which an identical spread signal is superimposed in Embodiment 11. 

[0234] The configuration of an OFDM communication apparatus according to this embodiment is similar to the con- 
35 figuration of an OFDM communication apparatus according to Embodiment 11 , except for the DIV combining section 
2601 , and therefore a detailed description of the configuration is omitted here. 

[0235] FIG.29 is a block diagram showing the configuration of the DIV combining section 2601 in an OFDM commu- 
nication apparatus according to Embodiment 13 of the present invention. Parts in FIG.29 identical to those in Embod- 
iment 12 (FIG. 28) are assigned the same codes as in FIG.28 and their detailed explanations are omitted. 

*o [0236] in the DIV combining section 2601, post-transmission-path-compensation-processing signals for signals 
transmitted by a first subcarrier and second subcarrier are first multiplied by the power of the signal transmitted by the 
first subcarrier and second subcarrier, respectively. The post-transmission-path-compensation-processing signals mul- 
tiplied by the respective powers are then added. The post-transmission-path-compensation-processing signal obtained 
by this addition is output to a selection section 2404. 

is [0237] More specifically, a post-transmission-path-compensation-processing signal is output directly to a multiplica- 
tion section 2701 , and is also output to a multiplication section 2702 after being delayed by a predetermined time by 
a delay section 2502. Also, a signal indicating the reception amplitude is converted to two sequences and then output 
to a multiplication section 2801 . The signals of the two sequences are multiplied by multiplication section 2801 . By this 
means, a signal in which the above-mentioned reception amplitude is squared (that is, a signal indicating the power 

so of the signals transmitted by the subcarriers) is generated. Thissignal indicating power is output directly to multiplication 
section 2701 , and is also output to multiplication section 2702 after being delayed by a predetermined time by a delay 
section 2504. 

[0238] By this means, a post-transmission-path-compensation-processing signal for the signal transmitted by the 
first subcarrier and a signal indicating the power of the signal transmitted by the first subcarrier are output to multipli- 
es cation section 2701 . In this multiplication section 2701, the above-mentioned post-transmission-path-compensation- 
processing signal is multiplied by the above-mentioned signal indicating power. The post-transmission-path-compen- 
sation-processing signal multiplied by power in multiplication section 2701 is outputto an addition section 2703. Also, 
a post-transmission-path-compensation-processing signal for the signal transmitted by the second subcarrier and a 
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signal indicating the power of the signal transmitted by the second subcarrier are output to multiplication section 2702. 
In this multiplication section 2702. the above-mentioned post-transmission-path-compensation-processing signal is 
multiplied by the above-mentioned signal indicating power. The post-transmission-path-compensation-processing sig- 
nal multiplied by power in multiplication section 2702 is output to the addition section 2703, In the addition section 
5 2703, the post-transmission-path-compensation-processing signals multiplied by the respective powers are added. 
The post-transmission-path-compensation-processing signal obtained by this addition is output to selection section 
2404. 

[0239] Thus, according to this embodiment, a retransmission request for a predetermined information signal is rec- 
ognized using a signal obtained by maximal-ratio combining of signals transmitted by subcarriers on which an identical 
10 spread signal is superimposed. By this means, the transmitting-side apparatus can recognize a retransmission request 
for an information signal more reliably than in the case of Embodiment 12. 

(Embodiment 14) 

,5 [0240] In this embodiment a case is described in which a retransmission request for a predetermined signal is rec- 
ognized using a signal obtained by despreading processing on a received signal prior to Fourier transform processing 
for a retransmission request burst in Embodiment 5. 

[0241] FIG.30 is a block diagram showing the configuration of an OFDM communication apparatus according to 
Embodiment 14 of the present invention. Parts in FIG.30 identical to those in Embodiments (FIG. 13) are assigned the 
so same codes as in FIG. 13 and their detailed explanations are omitted. 

[0242] An OFDM communication apparatus according to this embodiment has a configuration wherein a selection 
section 2901 is used instead of selection section 1 203 in an OFDM communication apparatus according to Embodiment 
5, and a despreading section 2902 is provided. 

25 <Operation of transmitting system in receiving-side apparatus> 

[0243] When this OFDM communication apparatus receives a retransmission request burst, only a multiplex signal, 
and not a transmission path estimation preamble, is output from the selection section 2901 to an IFFT section 1205. 
By this means, the subcarrier arrangement in IFFT processing by the IFFT section 1205 is such that a transmission 
so path estimation preamble is not superimposed on any subcarrier, as shown in FIG.31 . 

<Operation of receiving system in transmitting-side apparatus> 

[0244] A received signal from an antenna 1207 is output to despreading section 2902. In despreading section 2902, 

35 despreading processing is performed on the received signal from antenna 1207-that is, the received signal prior to 
Fouriertransform processing-using a spreading code subjected to inverse Fouriertransform processing. It goes without 
saying that the spreading code here is the same as the spreading code in despreading section 1210 in Embodiment 
5 (that is, the spreading code used by spreading section 1204). The signal obtained as a result of the despreading 
processing by despreading section 2902 is handled by an absolute value detection section 1212 in the same way as 

40 the demodulated signal obtained by despreading section 1210 in Embodiment 5. 

[0245] Thus, according to this embodiment, a retransmission request for a predetermined signal is recognized using 
a signal obtained by despreading processing on a received signal priorto Fourier transform processing for a retrans- 
mission request burst. As a result, it is not necessary to insert a transmission path estimation preamble in a retrans- 
mission request burst, enabling the signal length of a retransmission request burst to be shortened. Information signal 

45 transmission efficiency can thus be further improved. 

[0246] An OFDM communication apparatus according to above Embodiment 1 through Embodiment 14 can be in- 
stalled in a communication terminal apparatus and base station apparatus in a digital mobile communication system. 
By installing an OFDM communication apparatus that achieves both an improvement in information signal transmission 
efficiency and an improvement in demodulated signal error ratecharacteristics, it is possible to provide acommunication 

50 terminal apparatus and base station apparatus that perform good communications. 

[0247] As described above, according to the present invention it is possible to provide an OFDM communication 
apparatus that achieves both an improvement in information signal transmission efficiency and an improvement in 
demodulated signal error rate characteristics in an OFDM method to which multicasting is applied. 
[0248] This application is based on Japanese Patent Application No.2000-3601 13 filed on November 27, 2000, entire 

55 contents of which are expressly incorporated by reference herein. 



EP 1 248 401 A1 



Industrial Applicability 

[0249] The present invention relates to an OFDM (Orthogonal Frequency Division Multiplexing) method communi- 
cation apparatus, and is applicable, in particular, to an OFDM communication apparatus that performs retransmission 
s control (control whereby, if an error occurs in a demodulated signal in a receiving-side apparatus for a predetermined 
transmit signal, that transmit signal is retransmitted to the receiving-side apparatus). 



Claims 

1. An OFDM communication apparatus comprising: 

a receiving section that receives an OFDM signal transmitted to a plurality of OFDM communication appara- 
tuses; 

15 a detecting section that detects whether or not there is an error in a received OFDM signal; 

a generating section that generates a retransmission request OFDM signal by superimposing a retransmission 
request signal on a previously specified subcarrier when there is an error in a received OFDM signal; and 
a transmitting section that transmits a generated retransmission request OFDM signal at previously set timing 
common to all said plurality of OFDM communication apparatuses. 

20 

2. The OFDM communication apparatus according to claim 1 , wherein said retransmission request signal has a level 
higher than an information signal contained in an OFDM signal received by said receiving section. 

3. An OFDM communication apparatus comprising: 

25 

a receiving section that receives a plurality of retransmission request OFDM signals in which a retransmission 
request signal is superimposed on different subcarriers from a plurality of OFDM communication apparatuses; 
an extracting section that extracts a retransmission request signal superimposed on each subcarrier from a 
received plurality of retransmission request OFDM signals; and 
30 a determining section that determines OFDM signal retransmission for an extracted retransmission request 

signal based on a level of that retransmission request signal. 

4. The OFDM communication apparatus according to claim 3, further comprising a selecting section that selects from 
among subcarriers on which an identical retransmission request signal extracted by said extracting section is 

35 superimposed a subcarrier for which a level of that identical retransmission request signal is highest; 

wherein said determining section determines presence or absence of transmission of an OFDM signal for 
which retransmission is requested, based on a level of a retransmission request signal superimposed on a selected 
subcarrier. 

4-0 5. The OFDM communication apparatus according to claim 3, further comprising a generating section that generates 
an equal-gain-combined signal by combining signals resulting from multiplying an identical retransmission request 
signal extracted by said extracting section by amplitude of that identical retransmission request signal; 

wherein said determining section determines presence or absence of transmission of an OFDM signal for 
which retransmission is requested, based on a level of a generated equal-gain-combined signal. 

45 

6. The OFDM communication apparatus according to claim 3, further comprising a generating section that generates 
a maximal-ratio-combined signal by combining signals resulting from multiplying an identical retransmission re- 
quest signal extracted by said extracting section by power of that identical retransmission request signal; 

wherein said determining section determines presence or absence of transmission of. an OFDM signal for 
50 which retransmission is requested, based on a level of a generated maximal-ratio-combined signal. 

7. A communication terminal apparatus provided with the OFDM communication apparatus according to claim 1 and/ 
or claim 3. 

55 8. A base station apparatus provided with the OFDM communication apparatus according to claim 1 and/or claim 3. 
9. An OFDM communication apparatus comprising: 
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a receiving section that receives an OFDM signal transmitted to a plurality of OFDM communication appara- 
tuses; 

a detecting section that detects whether or not there is an error in a received OFDM signal; 
a generating section that generates a retransmission request OFDM signal by superimposing on a subcarrier 
5 a multiplex signal containing a retransmission request signal subjected to spreading processing by means of 

a previously specified retransmission request spreading code when there is an error in a received OFDM 
signal; and 

a transmitting section that transmits a generated retransmission request OFDM signal at previously set timing 
common to all said plurality of OFDM communication apparatuses. 

10. The OFDM communication apparatus according to claim 9, wherein said retransmission request signal has a level 
higher than an information signal contained in an OFDM signal received by said receiving section. 

11. The OFDM communication apparatus according to claim 9, wherein said retransmission request spreading code 
15 has a smaller spreading ratio than an information signal spreading code used when spreading an information signal 

contained in an OFDM signal received by said receiving section. 

12. The OFDM communication apparatus according to claim 9, wherein said generating section generates a retrans- 
mission request OFDM signal by superimposing a signal whose amplitude is zero on a specific subcarrier provided 

20 separately from an ordinary subcarrier. 

13. The OFDM communication apparatus according to claim 9, wherein said generating section generates a retrans- 
mission request OFDM signal by superimposing said multiplex signal on a number of ordinary subcarriers corre- 
sponding to a spreading ratio of said retransmission request spreading code. 

25 

14. The OFDM communication apparatus according to claim 9, wherein said generating section generates a retrans- 
mission request OFDM signal by superimposing a multiplex signal on a previously specified subcarrier. 

15. The OFDM communication apparatus according to claim 9, wherein said generating section includes a converting 
30 section that converts said multiplex signal from a single-sequence signal to a plurality of sequences of signals 

based on a retransmission request spreading code rate, and generates a retransmission request OFDM signal by 
superimposing a converted signal of each sequence on a previously specified ordinary subcarrier. 

16. An OFDM communication apparatus comprising: 

35 

a receiving section that receives a retransmission request OFDM signal in which a multiplex signal containing 
a retransmission request signal subjected to spreading processing by means of a previously specified retrans- 
mission request spreading code is superimposed on a subcarrier for each of a plurality of OFDM communi- 
cation apparatuses; 

40 a demodulating section that generates a demodulated signal by despreading a received retransmission re- 

quest OFDM signal by means of said retransmission request spreading code; and 

a determining section that determines retransmission of an OFDM signal for which retransmission is requested 
for a generated demodulated signal based on a level of that demodulated signal. 

45 17. The OFDM communication apparatus according to claim 1 6, wherein: 

said demodulating section generates a demodulated signal for each said retransmission request spreading 
code; and 

said determining section determines presence or absence of transmission of an OFDM signal for which re- 
50 transmission is requested, based on a level of said demodulated signal for each said retransmission request 

spreading code. 

18. An OFDM communication apparatus comprising: 

55 a receiving section that receives a retransmission request OFDM signal superimposed on a previously spec- 

ified ordinary subcarrier for each of a plurality of sequences of signals corresponding to a spreading ratio of 
a retransmission request spreading code: 

an extracting section that extracts a signal superimposed on said ordinary subcarrier of a received retrans- 
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mission request OFDM signal; 

a converting section that converts an extracted signal to a single-sequence signal; 

a demodulating section that generates a demodulated signal by despreading said single-sequence signal by 
means of said retransmission request spreading code: and 

a determining section that determines retransmission of an OFDM signal for which retransmission is requested 
for a generated demodulated signal based on a level of that demodulated signal. 

19. The OFDM communication apparatus according to claim 18, further comprising a selecting section that selects 
from among ordinary subcarriers on which an identical signal extracted by said extracting section is superimposed 
an ordinary subcarrier for which a level of that identical signal is highest; 

wherein said converting section converts asignal superimposed on a selected ordinary subcarrier to a single- 
sequence signal. 

20. The OFDM communication apparatus according to claim 1 8, wherein said converting section performs conversion 
to a single-sequence signal by combining signals resulting from multiplying an identical signal extracted by said 
extracting section by amplitude of that identical signal. 

21 . The OFDM communication apparatus according to claim 1 8, wherein said converting section performs conversion 
to a single-sequence signal by combining signals resulting from multiplying an identical signal extracted by said 
extracting section by power of that identical signal. 

22. A communication terminal apparatus provided with the OFDM communication apparatus according to claim 9 and/ 
or claim 16. 

23. A base station apparatus provided with the OFDM communication apparatus according to claim 9 and/or claim 16. 

24. A communication terminal apparatus provided with the OFDM communication apparatus according to claim 18. 

25. A base station apparatus provided with the OFDM communication apparatus according to claim 18. 

26. An OFDM communication method comprising: 

a receiving step of receiving an OFDM signal transmitted to a plurality of OFDM communication apparatuses; 
a detecting step of detecting whether or not there is an error in a received OFDM signal; 
a generating step of generating a retransmission request OFDM signal by superimposing a retransmission 
request signal on a previously specified subcarrier when there is an error in a received OFDM signal; and 
a transmitting step of transmitting a generated retransmission request OFDM signal at previously set timing 
common to all said plurality of OFDM communication apparatuses. 

27. An OFDM communication method comprising: 

a receiving step of receiving a retransmission request OFDM signal in which a retransmission request signal 
is superimposed on a previously specified subcarrierfor each of a plurality of OFDM communication appara- 
tuses; 

an extracting step of extracting a retransmission request signal superimposed on each specified subcarrier of 
a received retransmission request OFDM signal; and 

a determining step of determining retransmission of an OFDM signal for which retransmission is requested 
for an extracted retransmission request signal based on a level of that retransmission request signal. 

28. An OFDM communication method comprising: 

a receiving step of receiving an OFDM signal transmitted to a plurality of OFDM communication apparatuses; 

a detecting step of detecting whether or not there is an error in a received OFDM signal; 

a generating step of generating a retransmission request OFDM signal by superimposing on a subcarrier a 

multiplex signal containing a retransmission request signal subjected to spreading processing by means of a 

previously specified retransmission request spreading code when there is an error in a received OFDM signal; 

and 

a transmitting step of transmitting a generated retransmission request OFDM signal at previously set timing 



31 



EP 1 248 401 A1 



common to all said plurality of OFDM communication apparatuses. 

29. An OFDM communication method comprising: 

a receiving step of receiving a retransmission request OFDM signal in which a multiplex signal containing a 
retransmission request signal subjected to spreading processing by means of a previously specified retrans- 
mission request spreading code is superimposed on a subcarrier for each of a plurality of OFDM communi- 
cation apparatuses; 

a demodulating step of generating a demodulated signal by despreading a received retransmission request 
OFDM signal by means of said retransmission request spreading code; and 

a determining step of determining retransmission of an OFDM signal for which retransmission is requested 
for a generated demodulated signal based on a level of that demodulated signal. 

30. An OFDM communication method comprising: 

a receiving step of receiving a retransmission request OFDM signal superimposed on a previously specified 
ordinary subcarrier for each of a plurality of sequences of signals corresponding to a spreading ratio of a 
retransmission request spreading code; 

an extracting step of extracting a signal superimposed on said ordinary subcarrier of a received retransmission 
request OFDM signal; 

a converting step of converting an extracted signal to a single-sequence signal; 

a demodulating step of generating a demodulated signal by despreading said single-sequence signal by means 
of said retransmission request spreading code; and a determining step of determining retransmission of an 
OFDM signal for which retransmission is requested for a generated demodulated signal based on a level of 
that demodulated signal. 
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